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SUMMARY 


t* 


A  total  of  19  candidate  compounds  were  tested  for 
prophylactic  activity  in  mice  and  hamsters.  Two  of  these 
compounds  (ZM65703  and  BC78878)  were  studied  at  oral  and 
subcutaneous  regimens  against  mansoni  and  S .  iaponicum  in  mice 
and  hamsters  and  against  5.  haematobium  in  hamsters.  Moderate 
levels  of  protection  which  varied  from  species  to  species  and 
regimen  used  were  found,  however,  there  was  no  complete 
protection.  In  addition,  gross  dermal  toxicity  was  also 
observed.  These  two  compounds  are  not  recommended  for  further 
evaluation  as  prophylactic  candidate  drugs. 

The  remaining  17  compounds  were  tested  for  prophylactic 
activity  at  the  oral  regimen  against  £.  mansoni  in  mice.  One  of 
these  compounds  (BL23702)  was  found  to  be  highly  active,  with  a 
protection  level  of  99.5%.  Only  2  worms  (1  male  and  1  female 
found  in  separate  mice)  were  found  during  perfusion  of  the  group 
of  10  treated  mice  which  received  a  single  dose  of  100  mg/kg  of 
drug  for  5  consecutive  days.  No  gross  toxicity  was  observed  for 
this  compound.  This  drug  is  now  being  studied  at  an  advanced 
test  level  in  primates. 

Three  other  compounds  (BL23695,  BL23677  and  BL23510  gave 
protection  levels  against  £.  mansoni  (Kenyan  strain)  ranging  from 
91.0%  to  94.9%  respectively.  For  each  of  the  mice  treated  with 
these  three  compounds,  mature  adult  male  and  female  worms  capable 
of  depositing  eggs  in  tissue,  and  thus  causing  pathology,  were 
found.  At  the  present  time  no  further  studies  on  these  compounds 
are  contemplated. 

Three  protocols  concerned  with  schistosomiasis  were  developed 
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and  initiated.  Protocol  WRHN-IIIMa  was  initiated  to  study  the 
efficacy  of  a  final  formulation  of  the  newly  developed  topical 
anti  penetrant  drug  in  monkeys.  Protocol  WRHN-IIIMb  was  developed 
and  initiated  to  study  the  oral  prophylactic  activity  of  compound 
BL23702  in  primates.  Protocol  WRHN-IIIc  was  established  to  study 
the  use  of  Marmoset  monkeys  as  antipentrant  models.  The  monkeys 
used  in  each  of  these  protocols  have  been  exposed  and  no  data  is 
available  at  this  time. 

Investigation  of  the  non-responsiveness  of  the  Kenyan  strain 
of  £.  mansoni  to  the  positive  reference  drug  control  revealed 
that  it  is  naturally  resistant  to  this  drug.  This  increases  to 
six  the  number  of  drug-resistant  strains  of  schistosomes 
maintained  in  this  laboratory. 


FOREWARD 


1.  Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations. 

2.  In  conducting  the  research  described  in  this  report,  the 
investi gator  (s )  adhered  to  the  "Guide  for  the  Care  and  Use  of 
Laboratory  Animals"  prepared  by  the  Committee  on  Care  and  Use  of 
Laboratory  Animals  of  the  Institute  of  Laboratory  Animals 
Resources,  National  Research  Council  (DHEW  Publication  No.  (NIH) 
78-23,  Revised,  1978). 
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INTRODUCTION 


The  parasitic  disease  schistosomiasis  is  endemic  in  74 
countries  in  Africa,  Asia,  the  Middle  East,  South  America  and 
islands  of  the  Carribean  (1).  There  are  approximately  200-300 
million  infected  persons  with  nearly  600  million  constantly  at 
risk  in  endemic  areas  (1)  .  The  disease  has  shown  remarkable  and 
substantial  increases  due  in  part  to  the  creation  of  new  water 
resources  such  as  dams,  lakes  and  irrigation  schemes  needed  to 
meet  increased  energy  and  food  demands.  In  addition,  the 
introduction  of  the  new  water  resources  has  caused  dramatic 
ecological  changes  to  occur  in  many  of  the  endemic  areas  for 
schistosomiasis.  Another  recently  occurring  problem  in  the  fight 
against  schistosomiasis  has  been  the  emergence  of  drug-resistant 
strains  of  the  parasite  in  Brazil  (2,  3)  and  more  recently  in 
Kenya  (4).  To  further  complicate  the  drug-resistant  picture, 
strains  of  .£.  mansoni  which  have  been  maintained  for  long  periods 
in  the  laboratory  without  having  any  contact  with  drugs  have  been 
found  to  be  resistant  to  one  or  more  schistosomicides.  Two 
strains  used  in  this  program  have  been  found  to  be  resistant. 

One  strain  from  Kenya  has  been  found  to  be  resistant  to 
niridazole  (used  as  the  reference  drug  in  this  program)  and  the 
other,  a  strain  from  Puerto  Rico,  was  found  to  be  resistant  to 
oxamniquine,  a  drug  which  is  included  in  the  arsenal  for  use  by 
the  Army  against  £.  mansoni  infections.  This  emerging  problem 
may  compromise  the  success  which  has  been  made  against  the 
disease  by  use  of  chemother apy . 

An  example  of  the  spread  of  schistosomiasis  into  an  area 
heretofore  free  of  the  disease  is  the  country  of  Jordan.  Up 
until  1984,  Jordan  was  one  of  only  a  few  countries  in  the  Middle 
East  free  from  both  susceptible  snails  and  the  parasite.  But 
during  the  past  10  years  the  threat  of  the  disease  becoming 


established  has  been  growing  due  to  the  presence  of  the 
vector-snail  intermediate  host  which  has  defied  attempts  by  the 
Ministry  of  Health  to  prevent  its  spread  by  use  of  chemicals. 
Indigenous  cases  have  now  been  discovered  nine  years  after 
finding  the  snail  intermediate  host  and  eight  years  after  the 
influx  of  foreign  infected  migrant  workers  (5,  6)  thus  indicating 
active  transmission. 

From  the  military  prospectus  there  are  three  stages  of  the 
schistosomiasis  disease  process  in  which  medical  casualties  could 
be  expected  to  occur:  1)  skin  penetration  which  is  associated 
with  penetration  of  the  infective  larva  (cercariae),  2)  Katayama 
fever,  associated  with  the  initial  stages  of  egg  deposition 
during  the  chronic  phase  of  the  disease  and  3)  chronic 
schistosomiasis,  associated  with  granuloma  formation  in  liver  or 
urinary  bladder  after  the  third  to  fourth  month  of  infection. 
Currently,  there  are  no  infective  larva  (cercariae)  repellents, 
and  neither  prophylactic  or  suppressive  drugs  nor  vaccines  are 
available  for  use  by  the  military  of  the  United  States.  Even  if 
it  were  possible  to  recognize  early  stages  of  the  schistosome 
parasite  in  exposed  personnel,  there  are  no  drugs  available  to 
treat  early  infections.  Three  drugs  are  currently  available  to 
treat  mature  infections  in  humans.  These  are  praziquantel, 
active  against  all  species  of  schistosomes  infective  to  man; 
oxamniquine,  active  against  one  species  of  schistosome  infective 
to  man,  namely  Schistosoma  mansoni  (most  effective  against  new 
world  mansoni  :  and  metrifonate,  active  against  urinary 
schistosomiasis,  namely  £.  haematobium  (7).  Strains  of  5. 
mansoni  resistant  to  oxamniquine  (3,  4)  have  been  isolated  from 
patients  in  Brazil  and  Kenya.  It  also  appears  that  strains  of  jj. 
haematobium  resistant  to  metrifonate  have  emerged  !8).  This 
leaves  only  one  antischistosomal  agent,  praziquantel,  with 
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minimal  side  effects  for  use  in  treatment  of  schistosomiasis  at 
the  present.  Studies  to  determine  if  praziquantel  is  capable  of 
causing  drug-resistant  schistosomes  to  occur  are  in  progress. 

The  lack  of  specific  preventative  measures  for  use  by 
military  personnel  poses  a  significant  potential  problem  for 
military  operations  which  may  occur  in  areas  of  strategic 
interest  to  the  United  States.  Casualties  have  occurred  during 
previous  operations  to  British,  French,  Canadian  and  American 
forces. 

During  the  past  several  decades  many  compounds  have  been 
tested  in  an  effort  to  find  a  formulation  which  would  afford 
protection  against  invasion  of  the  skin  by  Schistosoma  sp. 
infective  larva  (cercariae).  This  subject  has  been  amply 
reviewed  by  several  authors  (9,  10,  11,  12,  13). 

Evaluation  (14,  15)  of  chemical  preparations  for  their 
topical  prophylactic  anti  schistosomal  activity  is  an  ongoing 
program  of  the  United  States  Medical  Research  and  Development 
Command  whose  overall  goal  is  to  develop  a  substance  which  will 
protect  personnel  unable  to  avoid  water  contact  when  operating  in 
areas  where  schistosomiasis  is  endemic. 

The  objective  of  the  program  as  supported  at  the  Center  for 
Tropical  Diseases,  University  of  Lowell  is  to  conduct  secondary 
and  definitive  test  evaluations  of  compounds  showing  superior 
anti  penetration  prophylactic  efficacy  against  S.  mansoni .  .£. 
i aponicum  and  £.  haematobium  in  rodents  and/or  primates.  Tn 
addition,  these  evaluations  may  be  made  against  other  schistosome 
species  and/or  drug-resistant  forms  if  requested.  Curative 
and/or  suppressive  evaluation  of  compounds  can  also  be  carried 
out  when  requested. 
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During  this  funding  period  several  protocols  were  initiated 
and  completed  or  were  initiated  and  are  still  in  progress  at  the 
time  of  this  report.  These  protocols  are  as  follows: 

I .  Protocols  Completed. 

WRHN-IIa.  Three  compounds  (two  experimental  and  one 
reference  compound)  were  evaluated  in  mice  and  hamsters. 

I I .  Protocols  Paritallv- Completed . 

WRHN-IIb.  Nineteen  compounds  (seventeen  experimental 
and  two  reference  compounds  -  both  niridazole)  were  evaluated  in 
mice.  There  are  still  nine  compounds  to  be  evaluated  in  this 
series. 

hi.  .p r Qta.CQl.s_ia- Pr ogi ess . 

a.  WRHN-IIIMa.  Topical  anti  penetrant  primate  study. 
This  test  used  a  final  formulation  against  £.  mansoni  in  Cebus 
apella  monkeys. 

b.  WRHN-IIIMb.  Prophylactic  drug  study.  This  test 
used  a  compound  found  to  be  highly  active  against  £.  mansoni  in 
rodents.  The  compound  is  now  under  evaluation  against  £.  mansoni 
in  Cebus  apella  monkeys. 

c.  WRHfrl-IIIMc.  Penetration  model  study.  This  test  is 
being  conducted  in  the  Marmoset  monkeys  using  £•  mansoni  as  the 
schistosome  species. 


MATERIALS  AND  METHODS 

lesimiqu&s  fo-i.  Cultivation  and  Maintenance  .Df-Snail  Intermediate 
Host  Species. 

The  procedures  used  for  cultivating  and  maintaining  the 
species  and  strains  of  schistosomes  and  their  respective  snail 
intermediate  hosts  are  described  and  presented  in  Appendix  I. 
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The  mice  used  were  male  ICR  (outbred)  weighing  between  17-25 
grains.  The  golden  hamsters  used  were  males  weighing  between 
75-90  grams. 

Schistosome  Species. 

The  species  of  schistosomes  used  in  this  study  were 
Schistosoma  mansoni  of  Puerto  Rican  and  Kenyan  origin,  £• 
haematobium  of  Egyptian  and  Nigerian  origin,  £.  japonic  urn  of 
Philippine  origin.  The  snail  intermediate  host  for  £.  mansoni  is 
Biomphalaria  glabrata  from  Puerto  Rico  and  fi.  Sudani ca  from 
Kenya,  for  5.  haematobium  the  snail  intermediate  host  is  Bulinus 
t  runcatus  truncatus  from  Egypt  and  B.  truncatus  loklisi  from 
Nigeria,  and  for  5.  iaponcium  the  snail  intermediate  host  is 
Qncomelania  hupeasis  quadiasi  from  the  Philippine  Islands. 

Compounds 

Protocol  WRHN-IIa  and  WRHN-IIb. 

A  total  of  31  compounds  were  received  for  evaluation  in  the 
secondary  prophylactic  test  system.  Twenty-eight  of  these  drugs 
were  designated  as  experimental  compounds  and  three  as  the 
positive  reference  control  drug  (ni  ridazole)  .  These  compounds 
were  selected  for  advanced  testing  from  the  test  results  of  the 
Brazil  schistosomiasis  primary  prophylactic  test  and  Walter  Reed 
Institute  of  Research,  Division  of  Experimental  Therapeutics 
in-house  testing  program.  In  Table  I,  the  compounds  are 
presented  by  bottle  number,  Walter  Reed  accession  number  and 
quantities  received  at  this  institution. 

In  regard  to  the  31  compounds  received  for  testing  during 
this  funding  period  there  are  no  known  adverse  effects  involved 
in  handling  these  substances.  However,  good  laboratory  practice 
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has  been  used.  All  compounds  are  stored  according  to  the 
labeling  instructions:  Red  label  =  hygroscopic.  Blue  label  = 
refrigerate,  and  Green  label  =  compound  in  liquid  form.  No  label 
indicates  that  no  special  storage  conditions  are  required. 


TABLE  I 


BOTTLE  NUMBER 

WALTER  REED  NUMBER 

QUANTITY 

ZM65703 

007930 

13  grams 

BC78878 

102796 

20  grams 

BL23953 

169898  AC 

4  gr  ams 

BL23962 

147178  AE 

4  grams 

BL23695 

169894  AE 

4  gr  ams 

BL23677 

140719  AH 

4  gr  ams 

BL23686 

149883  AJ 

0.66  grams 

BL23702 

249313  AD 

4  grams 

BL28592 

255750  AB 

4  grams 

BL26749 

234927  AC 

4  grams 

BE19575 

199385  AB 

4.6  grams 

BK21070 

178460  AB 

4  grams 

BL28494 

190266  AB 

3.5  grams 

BL2  8510 

187445  AB 

1.5  grams 

BL28501 

188225  AB 

3.4  grams 

BL2  8485 

251901  AB 

5  gr  ams 

BL26785 

256075  A 

3.75  grams 

BL26776 

256076  A 

3.75  grams 

BL35319 

248310  AD 

3  grams 

*AQ21946 

69504  DO 

0.720  grams 

♦BH30042 

234928  AA 

0.875  grams 

♦BK98839 

253817  AA 

0.595  grams 

*B  LO  7  4  5  9 

254583  AA 

0.260  grams 

♦BL07468 

254574  AA 

0.318  grams 

*B L07566 

254581  AA 

0.278  grams 

♦BL24503 

255967  AA 

0.595  grams 

*B  L21459 

255751  AA 

0.295  grams 

*BL21468 

255752  AA 

0.294  grams 

AG63908  (niridazole) 

005950 

20  grams 

BL26758  (niridazole) 

005950  AK 

10  grams 

BL26758  (niridazole) 

005950  AL 

3.500  grams 

*  Compounds  not  yet  tested. 
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Vehicles 

Two  vehicles  were  used.  Pharmaceutical  grade  peanut  oil  for 
subcutaneous  injections  and  Tween  80-methyl  cellulose-saline 
(TMCS)  for  per  os .  TMCS  is  made  as  indicated  in  Table  II. 

TABLE  II 

Ingredient  Amount 


Tween 

Methyl  cellulose 
Sodium  chloride 
Distilled  water 


The  sodium  chloride  was  dissolved  into  distilled  water  and 
warmed  to  70°C.  Five  ml  of  the  warm  saline  solution  was  added  to 
the  Tween  80  and  stirred  until  dissolved.  The  rest  of  the  saline 
solution  was  then  added.  The  solution  was  allowed  to  come  to 
room  temperature  and  the  methyl  cellulose  added.  The  mixture  was 
placed  in  a  refrigerator  overnight  to  facilitate  dissolution  of 
the  methyl  cellulose. 

Plug  Solutions 

All  animals  were  given  100  mg/kg  of  body  weight  subcutaneous 
and  per  os  treatments.  To  obtain  the  proper  concentrations  of 
drug  in  a  reasonable  volume  of  carrier  the  following  formula  was 
used: 

1)  10  mg  of  compound  per  ml  of  carrier  (weight  per  volume). 

2)  Animal  weight  (in  grams)  X  0.01  =  ml  of  solution  per  animal 
pe  r  day . 


0.40  ml 
0.20  gr 
0.85  gr 
98.55  ml 
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To  calculate  the  volume  of  drug  solution  needed  for  each  day 
of  treatment  the  formula  below  was  used: 

0.01  ml  per  Total  vol .  used 

gm  body  wt.  -  for  treatment 

Example:  1)  10  mice  X  (25  gm  +  2.5  gm)  X  0.01  ml  =  2.75  ml  of 

sol ution 

2)  10  hamsters  X  (90  gm  +  9  gm)  X  0.01  ml  =  9.9  ml  of 

sol ution 

To  example  1  above,  27.5  mg  of  compound  is  added  to  2.75  ml  of 
carrier  soluiton  ( weigh  t/ vol  urn  e)  and  to  example  2,  99.0  mg  of 
compound  is  added  to  9.9  ml  of  carrier  solution  (weight/volume). 

Treatment  and  Exposures 

Treatment 

Subcutaneous :  Each  animal  was  injected  under  the  skin  in 

the  anterior  -  dorsal  area  just  posterior  to  the  neck  for  five 
days. 

Per  os  :  Each  animal  was  administered  the  appropriate  volume 
by  gavage  needle  for  five  days. 

Ex-msaies 

Mice  and  hamsters  were  anesthetized  with  sodium 
pentobarbital  and  exposed  percutaneously  to  numbers  of  cercariae 
as  shown  in  Table  III.  (See  Appendix  I.) 


Number  of 
Animal  s 


Avg.  Weight 
plus  10% 


For  protocol  WRHN-IIa  two  experimental  compounds  (ZM65703 
and  BC78878)  and  the  positive  reference  control  compound 
(AG639078,  niridazole)  were  studied.  The  experimental  design  for 
this  protocol  is  presented  in  Table  III. 
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TABLE  III 


Exp.  Animal 

No.  Host 

Par asi te 

Speci  es 

Cercariae 

per  Animal 

Rout  e 

Perfusion  Day 

After  Infec. 

1 

Hamster 

£. 

haematobium 

(Egy ) 

250 

ORAL 

90 

2 

H  ami  s  t  e  r 

£. 

haematobium 

(Egy ) 

250 

SQ 

90 

3 

Mo  use 

£. 

japonic  urn 

35 

ORAL 

49 

4 

Hamster 

£. 

japan icum 

75 

ORAL 

49 

5 

Hamster 

£. 

man-soni 

200 

ORAL 

49 

6 

Hamster 

£. 

haematobium 

(Nig) 

250 

ORAL 

90 

7 

Mo  use 

£. 

mansani 

150 

ORAL 

49 

The  experiments  were  conducted  (Table  III)  using  10  animals 
for  each  compound,  10  animals  as  vehicle  controls,  and  10  animals 
for  infection  controls  (no  treatment).  Each  experiment  used  50 
animals  per  parasite  species  using  the  two  experimental  compounds 
and  niridazole.  The  animals  were  treated  on  Monday,  Tuesday, 
Wednesday,  Thursday  and  Friday.  All  animals  (including  the 
infection  controls)  were  infected  Wednesday,  but  prior  to 
treatment.  Treatment  consisted  of  100  mg/kg  of  drug  for  five 
days. 

For  protocol  WRHN-IIb,  seventeen  compounds  and  the  positive 
reference  control  drug  (niridazole)  were  studied  for  prophylactic 
activity  against  only  .£.  mansoni  in  mice  using  an  oral  treatment 
regimen  and  a  cercarial  dosae  of  150.  These  animals  were 
sacrificed  and  perfused  for  worms  at  49  days  after  exposure. 

A.du  lJL-jaaxm_..R  eca.  ve  e  y . 
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After  the  worms  had  a  chance  to  mature  (49  days  for  both  £. 
mansoni  and  £.  japcnicun),  and  9C  days  for  £.  haematobium)  but 
before  the  egg  burden  caused  mortality  hamsters  were  sacrificed 
by  injection  with  0.5  ml  of  sodium  pentobar  bi  tal  (65  mg/ml  sodium 
pentobarbital).  The  animals  were  necropsied  and  perfused  using  a 
method  similar  the  the  Per  f-O-  Suet  ion  method  of  Radke  et  al . 
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(16).  The  number  of  male,  female  and  immature  worms  were  counted 
and  recorded  for  each  animal.  Worm  burdens  from  mice  were 
determined  by  hepatoportal  perfusion  of  the  animals.  All  animals 
were  killed  by  intraperitoneal  injection  of  0.02  ml/gm/bw  of 
heparinized  (100  units  per  ml)  of  pentobarbital  (65  mg/ml) 
solution.  Worms  were  collected  by  whole  body  perfusion  according 
to  a  modified  method  of  Radke  et  al.  (16)  using  heparinized  (10 
units  per  ml)  0.9  percent  saline  solution  following  the  protocol 
which  is  currently  being  used  at  Lowell  University.  The  worms 
from  each  perfused  animal  were  counted  as  to  male,  female  and 
matur i ty . 

The  number  of  worms  recovered  from  the  vehicle  control  animals 
was  recorded  and  used  to  calculate  the  relative  protection  of 
drugs  using  the  following  formula  (17): 

Relative  Protection  =  ~  ^  X  100 

x 

Where  x  =  avg.  number  of  worms  recovered  from  control  animals 
Where  y  =  avg.  number  of  worms  recovered  from  protected  animals 

RESULTS 

The  number  of  worms  recovered  at  necropsy  for  animals  treated 
witn  the  test  compound  and  those  of  respective  control  groups  is 
shown  in  Tables  IV  -  IX.  Appendix  II  includes  calculations 
showing  mean  worm  burden  calculations  used  in  computing  the  test 
compound  efficacy  for  each  experimental  group  of  animals. 

The  two  experimental  compounds  (ZM65703  and  BC78878)  studied 


in  protocol  WRHN-Ila  did  not  provide  complete  protection  against 
cercarial  invasion  of  any  of  the  species  of  schistosomes  studied 
(Tables  I,  II  and  III).  The  partial  protection  which  was 
observed  varied  from  species  to  species  and  according  to  the 
route  of  administration  of  the  drug  (Tables  I,  II  and  III). 

Mature  active  male  and  female  worms  and  viable  eggs  in  tissue 
were  observed  for  all  groups  of  mice  infected  with  either  S. 
mansoni ,  £.  japonicum  or  £.  haematobium  and  treated  with  either 
of  the  two  test  compounds.  The  positive  reference  compound 
(niridazole)  was  very  active  against  £.  haematobium  (99.7%)  when 
administered  subcutaneously  and  against  S.  iaponicum  (100%)  when 
given  orally. 

Intense  gross  dermal  toxicity  was  observed  with  compound 
ZM65703  .  The  abnormalities  observed  were  in  the  form  of  blebs, 
lesions  and/or  bumps  and  are  shown  in  photographs  2-7.  The 
toxicity  observed  with  compound  BC78878  was  characterized  by 
blebs  and  bumps,  but  no  lesions  were  observed  for  this  compound 
(photographs  8,  9).  Abnormalities  associated  with  subcutaneous 
injections  of  the  positive  reference  control  compound  were  also 
observed  (photograph  10).  No  such  abnormalities  (lesions,  blebs 
or  bumps)  were  observed  for  animals  receiving  the  vehicle  used 
for  suspending  the  drugs  (photograph  1). 

Of  the  compounds  evaluated  for  prophylactic  activity  against 
2-  mansoni  (Kenyan  strain)  in  mice,  four  of  them  showed  levels  of 
protection  above  90%  or  more  (Table  VII  and  VIII).  One  of  these 
compounds  BL23702  gave  nearly  complete  protection  (99.5%)  with 
only  2  worms  (1  male  and  1  female)  found  among  the  10  animals 
examined.  Protection  levels  observed  for  the  other  three 
compounds  were  as  follows:  BL23695  at  96.5%,  BL23677  at  94.9%  and 
BL2351C  at  91.0%  (87.2%  for  £.  mansoni  -  Puerto  Rican  strain). 
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Large  lesion  on  a  hamster  injected  for  five  consecutive  days 
subcutaneously  with  compound  ZM65703  in  peanut  oil. 
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Bleb  on  a  hamster  injected  for  f  ve  consecutive  days 
subcutaneously  wish  compound  BC  8878  in  peanut  oil 


Photograph.  10 
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We  encountered  problems  in  the  response  of  the  Kenyan  strain 
of  2.  mansoni  to  the  positive  reference  control  drug 
( ni  r  i  daz  ol  e )  .  A  separate  protocol  (WRDR-IH)  was  established  to 
investigate  the  reason  for  the  tolerance  of  the  Kenyan  strain  to 
the  reference  compound.  The  experiment  consisted  of  com  {<a  r  1  so  n 
of  the  "old"  batch  of  the  reference  drug  with  that  of  a  "new" 
batch  of  the  drug  against  the  Kenyan  strain  of  2*  mansoni  and  a 
Puerto  Rican  strain  of  5-  mansoni.  Appropriate  groups  of 
untreated  infected  control  mice  were  used  for  each  2.  mansoni 
strain.  The  results  obtained  (Table  IX)  indicate  that  the  Kenyan 
strain  was  resistant  to  the  does  of  the  reference  drug 
(niridazole)  used  (i.e.  100  mg/kg  of  drug  for  5  consecutive 
days).  Regardless  of  whether  the  batch  of  drug  (niridazole)  was 
"old"  or  "new"  the  Puerto  Rican  strain  of  2-  mansoni  used  was 
very  susceptible. 

Protocol  WRHN-IIIMa  which  deals  with  the  evaluation  cl  the 
final  formulation  of  the  topical  anti penetr ant  drug  has  been 
initiated.  When  tested  previously  in  rodent  and  primate  test 
systems,  this  drug  gave  100%  protection  against  the  skin  invasion 
by  infective  larvae  (cercariae)  of  three  of  the  major 
schistosomes  infective  to  man,  namely,  2.  mansoni .  2.  j  apomcum 
and  2.  haematobium.  Tfre  topical  anti  penetrant  formulation  is  now 
being  tested  in  Cebus  apella  monkeys  against  a  drug-resistant 
(oxamniquine)  strain  of  2.  mansoni  from  Brazil.  All  test  groups 
of  monkeys  (experimental  and  controls)  in  this  study  have  been 
treated  and  exposed  to  infective  larva  (cercariae)  and 
examination  of  fecal  samples  from  each  monkey  to  determine  the 
efficacy  of  the  drug  treatments  has  begun.  Description  of  this 
protocol  is  presented  in  Appendix  III,  Section  I. 

Protocol  WRHN-lllMb  which  deals  with  the  evaluation  of  the 
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;  i  uprties  of  compound  WR249313  (BL23702)  found 
:  -  nearly  100%  (99.5%)  protective  in  the  primary 
and  *  r  .  indent  test  systems  has  been  initiated.  The  tests 

1  r.  this  *  are  being  conducted  in  Cebus  apella  monkeys 

ex{  '.I  d  r  a  di  ay-  re  si  stant  (oxamniquine)  strain  of  £.  mansoni 
i  r  err  Brazil.  All  monkeys  (experimental  and  control)  have  been 
treated  a- d  exposed  to  infective  larvae  (cercariae)  .  Examination 
of  fecal  camples  to  determine  efficacy  of  the  drug  will  begin 
within  a  few  weeks.  Description  of  this  protocol  is  presented  in 
Appendix  III,  Section  II. 

WRHN-IIIMc  which  deals  with  the  study  of  the  Marmoset 
penetration  model  study  has  been  initiated.  These  animals  were 
exposed  to  a  dr  ug- re  si  stant  (oxamniquine)  strain  of  £•  mansoni. 
Fecal  examination  to  determine  infectivity  of  the  schistosome 
strain  will  begin  within  a  few  weeks.  Description  of  this 
protocol  is  presented  in  Appendix  III,  Section  III. 

DISCUSSION 


Compounds  ZM65703  and  BC78878  (Protocol  WRHN-Ila)  were 
priority  prophylactic  candidate  drugs  previously  found  to  be 
highly  active  in  the  rodent  primary  prophylactic  test.  They  were 
referred  for  study  in  the  secondary  prophylactic  test  and  were 
studied  extensively  in  oral  and  subcutaneous  regimens  against  St¬ 


and  S- 


in  mice  and  hamsters. 


At  the  drug  dosage  (100  mg/kg  X  5  days)  used,  complete 
protection  was  not  obtained  with  either  oral  or  subcutaneous 
regim.en  against  any  of  the  species  of  schistosomes  studied. 

Mature  adult  male  and  female  worms  and  viable  eggs  in  tissue  were 
found  in  all  groups  of  animals  exposed  and  treated  with  either 
drug.  The  presence  of  mature  male  and  female  worms  capable  of 

-33- 


-  , 


depositing  eggs  which  cause  the  major  pathological  manifestations 
for  this  disease  (despite  the  presence  of  low  worm  burdens  in 
some  of  the  groups)  indicate  that  these  two  drugs  should  not  be  a 
candidate  for  further  prophylactic  studies  against 
schistosomiasis  in  rodents  or  higher  mammalian  species. 

In  addition,  the  dermal  toxicity  observed  when  the  drugs  were 
administered  subcutaneously  further  indicate  that  these  drugs 
should  not  be  considered  for  further  studies. 

Testing  of  17  compounds  (WRHN-IIb)  previously  tested  in  the 
primary  prophylactic  test  system  and  selected  for  priority 
testing  in  the  secondary  prophylactic  system  and  a  positive 
reference  control  drug  (BL26758)  were  evaluated  in  mice  against 
£.  mansoni  (Kenyan  and/or  Puerto  Rican  strains).  One  of  these 
compounds  (BL23702  -  WR249313)  was  found  to  provide  protection  of 
99.5%  against  the  infective  larvae  (cercariae)  when  administered 
at  a  oral  dosage  regimen  of  100  mg/kg  X  5  days.  Only  two  mature 
worms  (one  male  and  one  female  found  in  separate  mice)  were  found 
among  the  group  of  10  mice  treated.  The  superior  activity  of 
this  compound  against  £.  mansoni  in  mice  indicated  that  it  should 
be  studied  further  in  the  primate  test  system  and  against  other 
species  of  schistosomes  (i.e.  .£.  japonicum  and  £.  haematobium)  in 
mice  and  hamsters. 

Even  though  levels  of  protection  above  90%  were  observed  for 
three  other  compounds  (BL23695  ,  BL23677  and  BL23510)  ,  mature  male 
and  female  worms  with  associated  viable  eggs  in  tissue  were 
found.  The  presence  of  mature  male  and  female  worms  capable  of 
depositing  eggs  which  cause  the  major  pathological  manifestations 
(despite  the  presence  of  low  worm  burdens  in  mice  of  some  groups) 
indicate  that  at  the  dosages  used  these  compounds  are  ineffective 
and  that  further  studies  at  this  time  are  not  warranted.  Further 
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studies  however  may  be  warranted  at  higher  dosage  regimens  and 
against  £ .  iaponicum  and  £.  haematobium  in  mice  and  hamsters. 

The  discovery  that  a  strain  of  schistosome  (£.  mansoni  from 
Kenya)  is  resistant  to  treatment  with  the  positive  reference  drug 
(niridazole)  used  in  all  of  our  drug  evaluations  points  out  again 
that  emerging  problem  of  drug-resistance  in  schistosomiasis 
therapy.  The  occurrence  of  drug-resistant  strains  in  areas 
considered  of  stategic  to  the  military  poises  a  particular 
problem  as  regards  the  treatment  of  schistosomiasis.  This 
problem  needs  immediate  addressing  within  the  framework  of  the 
current  drug  evaluation  program  over  a  long  period  of  time. 

CONCLUSIONS 

Because  of  its  nearly  complete  protection  (99.5%)  against 
invasion  of  mouse  skin  by  £.  mansoni  cercariae  compound  BL23702 
is  a  candidate  for  advanced  studies  in  monkeys  as  a  oral 
prophylactic  agent  against  £.  mansoni  infections.  Further 
studies  are  also  recommended  against  japonicum  and  £. 
haematobium  in  mice  and  monkeys  with  oral  and  subcutaneous 
r  egimens. 

The  absence  of  complete  protection  against  invasion  of  mouse 
skin  by  £.  mansoni  larvae  for  16  compounds  and  dermal  toxicity 
observed  for  2  other  compounds  suggests  that  no  further  testing 
is  warranted  for  any  of  these  compounds. 

The  finding  that  the  Kenyan  strain  of  .£.  mansoni  is  resistant 
to  the  positive  reference  drug  (niridazole)  indicates  that 
another  strain  of  £.  mansoni  from  Kenya  should  be  obtained  which 
is  not  resistant  to  this  drug  for  use  in  the  prophylactic  test 
sy  stems. 
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APPENDIX  I 

Techniques  for  Cultivation  and  Maintenance  of  Snail  and 
Schistosome  Species  and  Safety  Practices 


Appendix  I  includes  Figures  1-5  and  Tables  1-6 
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SECTION  I 

Techniques  for  Cultivation  of  B iomphalar ia 
and  Maintenance  of 


I.  Units  for  Snail  Maintenance 

Two  types  of  units  are  used. 

A.  A  mobile  unit  similar  to  that  described  by  Davis  (1971) 
is  used  for  holding  large  numbers  of  breeder  and  stock 
(Figure  1).  The  overall  dimensions  of  this  unit  are  52  x 
175  x  243  cm.  This  unit  is  capable  of  holding  32  glass 
aquaria  (20-liter),  64  plastic  trays  or  288  petri  dishes. 
There  are  two  types  of  set-ups  for  this  unit.  One  is 
equipped  with  air  lines  and  fluorescent  lights  and  is 
used  to  accommodate  glass  aquaria  for  stock  snail 
cultures.  Its  air  manifold  system  is  connected  to  an  oil 
extractor  and  air  pressure  gauge  for  removing  harmful  oil 
droplets  from  the  air  and  measuring  the  air  pressure, 
respectively.  There  are  2  of  these  units  available  in 
this  laboratory,  which  is  more  than  sufficient  to  meet 
any  B  iomphalar  ia  culture  requirements.  The  second  type 
of  set-up  is  one  in  which  only  fluorescent  lights  are 
used  for  accommodating  the  type  of  aquaria  (plastic  trays 
and  petri  dishes)  which  do  not  require  aeration.  This 
mobile  unit  is  also  used  for  cultivating  algae  needed  as 
food  for  snails. 
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B.  A  mobile  unit,  constructed  of  heavy-duty  steel  (Figure  2) 
is  used  for  holding  pre-patent  snails,  patent  snails  and 
algal  cultures.  The  overall  dimensions  of  this  unit  are 
61  x  122  x  1  88  cm.  It  is  capable  of  holding  50  plastic 
trays  or  180  petri  dishes.  This  unit  is  set  up  in  two 


-37- 


Y, 


uphill  m  R  > 
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types,  neither  of  which  is  equipped  with  air  lines.  The 
first  type  of  set-up  employs  fluorescent  light.  Four 
of  these  are  available  for  accommodating  plastic  trays 
for  pre-patent  snails  and  petri  dishes  for  algal 
cultures.  The  second  type  of  set-up  does  not  employ 
fluorescent  lights.  Two  of  these  are  available  for 
accommodating  plastic  trays  containing  patent  snails. 

Three  kinds  of  aquaria  are  used:  1)  twenty-liter  glass 
aquaria  are  used  for  rearing  and  maintaining  stock 
snails;  2)  plastic  trays  with  a  holding  capacity  of  1.5 
liters  of  water  are  used  as  aquaria  for  breeder  snails  as 
well  as  for  both  pre-patent  and  patent  snails;  3)  petri 
dishes  with  a  holding  capacity  of  40  ml  of  water  are  used 
as  aquaria  for  newborn  snails. 

II.  Mouse  Restraining  Chambers  and  Exposure  Boards 

The  mouse  restraining  chambers  used  for  exposing  mice  to 
cercarial  suspensions  by  tail  immersion  technique  is  a 
modification  of  the  one  described  by  Stirewalt  and  Bronson 
(1955).  The  exposure  boards  used  for  holding  the  restra¬ 
ining  chambers  during  exposure  of  mice  to  cercariae  was 
designed  by  Loyd  (Bruce  and  Radle,  1971)  and  is  capable 
of  accommodating  100  animals.  This  board  has  proven  to  be 
most  effective  for  exposing  large  numbers  of  animals  by 
tail  immersion  method  to  mansoni  cercariae. 

III.  Environmental  Paremeters 

A.  Light.  In  both  types  of  snail  maintenance  units 
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described  above,  40-w  "cool"  white  fluorescent  tubes  are 
suspended  12  inches  and  18  inches  respectively  above 
each  shelf.  The  20-liter  glass  aquaria  used  for 
maintaining  stock  snails  are  held  under  12-hour  light 
and  12-hour  darkness.  The  plastic  trays  (when  used  for 
breeding  snails  and  for  maintaining  pre-patent  snails) 
are  placed  under  constant  light. 

B.  Water.  Tap  water  is  conditioned  by  passing  it  through  a 
"Diamond"  filter  (Model  #131-1575)  containing  layers  of 
activated  charcoal  and  sand.  This  water  is  then  aerated 
for  one  day  prior  to  use.  The  pH  of  the  water  is 
initially  7.1.  The  pH  of  the  water  in  glass  aquaria  and 
plastic  trays  is  monitored  weekly. 

C.  Aeration.  The  water  of  all  glass  aquaria  pans  is 
continuously  aerated.  The  air  is  supplied  by  a 
centrally  located  air  compressor  and  passes  through  a 
water-oil  extractor  into  the  culture  units.  The  water 
contained  in  plastic  trays  and  petri  dishes  is  not 
aerated. 

D.  Temperature.  Temperature  is  monitored  daily.  A  central 
air  conditioning  unit  maintains  the  temperature  in  the 
snail  cultivation  rooms  between  25°C  and  27°C. 

E.  Food.  Romaine  lettuce  is  used  as  a  basic  food  source. 

In  addition,  one  or  two  dishfuls  of  mud,  on  which 
blue-green  algae  ( Nostoc  muscorum)  has  been  grown 
(Liang,  1974)  is  placed  in  all  glass  aquaria,  and 
plastic  trays  to  serve  as  an  additional  food  source. 
Snails  in  petri  dishes  are  given  only  blue-green  algae 
with  mud.  In  order  to  improve  the  growth  rate  of 
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snails,  an  agar  mud  paste,  has  been  formulated.  This 
paste  is  found  to  be  consumed  very  well  by  Biomphalar ia. 
Bulinu-S  and  Oncomelania  snails.  It  contains  in 
addition  to  the  mud,  soya  bean  powder,  rice  powder, 
oyster  shell  powder,  cerophyl  (dehydrated  cereal  grass 
leaves  ),  fish  food,  yeast  and  sodium  chloride  (modified 
from  Moore  et  al.  1953;  Madsen  and  Frandsen,  1980;  and 
Basch,  personal  communication,  1984). 


Snails  measuring  12-15  mm  are  removed  from  glass  aquaria 
and  placed  in  plastic  trays  (10  per  tray)  containing  1.5 
liters  of  aerated  tap  water  and  pieces  of  styrofoams  (3x5 
in.).  Trays  are  placed  under  continuous  light  and  supplied 
with  food.  After  one  week  the  trays  are  changed  and  the 
egg  masses  are  removed  f ran  the  trays  and  styrofoams, 
placed  in  petri  dishes  with  aerated  tap  water  and  incubated 
under  ceiling  light  for  about  one  week  until  hatching 
occurs.  Newborn  snails  (0.6-0. 8  mm  in  shell  diameter)  are 
transferred  with  a  pipette  to  petri  dishes  containing 
blue-green  algae,  mud  and  water  and  kept  at  a  density  of  50 
snails  per  dish.  Dishes  are  maintained  under  continuous 
light.  At  the  end  of  one  week,  snails  are  transferred  to 
new  dishes  with  a  density  of  2  5  snails  per  dish.  In  14 
days,  young  snails  3-5  mm  in  size  are  available  for  use  in 
either  initiating  new  cultures  or  for  eventual  exposure  to 
£.  mansoni  miracidia. 


For  initiating  new  cultures,  snails  are  removed  from  petri 


dishes  in  groups  of  250  and  placed  in  20-liter  glass 
aquaria  with  aerated  tap  water.  For  snails  which  are 
exposed  to  miracidia,  they  are  maintained  in  groups  of  50 
in  plastic  trays  containing  1.5  liters  of  water.  Patent 
snails  are  maintained  in  plastic  trays,  25  snails  per  tray. 

Maintenance  of  .£.  mansoni  Life  Cycle 

A.  Collecting  miracidia.  Eggs  and  miracidia  are  collected 
according  to  the  method  of  Liang  and  Kitikoon  (1980). 
Liver  and/or  feces-free  intestines,  excised  from  mice 
8-12  weeks  after  exposure  to  £.  mansoni  are  used  as  the 
sources  of  eggs.  Tissues  are  cut  into  pieces  and  placed 
into  a  200-ml  stainless  steel  Eberbach  container  with  20 
ml  of  0.85%  saline.  The  container  is  placed  on  a  single 
speed  Waring  blender  (No.  700)  connected  to  a  variable 
autotransformer  and  tissues  are  homogenized  for  5-10 
sec.  at  very  low  speed  (30  volts).  The  suspension  is 
poured  into  a  tiered  column  of  sieves  arranged  in 
descending  order  of  mesh  openings  (420  ,u,  177  yx,  105  yx, 
and  45  jj).  The  eggs  are  washed  through  to  the  bottom 
sieve  with  100  ml  of  0.85%  saline.  Large  pieces  of 
tissues,  which  had  been  trapped  in  the  top  sieves,  are 
r e-homogeniz ed  in  20  ml  of  0.85%  saline.  The  procedure 
is  repeated  three  times  at  low  (50  volts),  intermediate 
(70  volts)  and  finally  high  speed  (100  volts).  A  volume 
of  100  ml  of  aerated  tap  water  is  poured  into  the  sieve 
column  to  rinse  eggs  free  from  saline.  The  eggs  are 
washed  from  the  bottom  sieve  into  a  petri  dish  (2  x  10 
cm)  with  40  ml  of  aerated  tap  water  and  concentrated  to 
the  center  of  the  dish  by  gentle  rotation.  The  eggs  are 
then  pipetted  into  a  small  petri  dish  (1.5  x  6  cm)  and 


the  dish  is  placed  under  ceiling  illumination  for 
hatching  miracidia. 

The  entire  procedure  takes  approximately  15  min.  and 
miracidia  usually  appear  within  5  min.  To  insure  the 
high  percentage  of  infectivity,  the  snails  are  exposed 
to  miracidia  which  are  less  than  one  hour  old. 

B.  Exposure  of  Snails.  JL.  alabrata  snails  (3-5  mm  in  size) 

are  recovered  from  petri  dish  cultures  and  exposed  to 

miracidia  with  a  dose  of  5-10  miracidia  per  snail, 

either  individually  or  en  masse.  Individual  snail 

exposures  are  carried  out  using  15  x  17  mm  glass  vials. 

En  masse  exposures  are  carried  out  using  1.5  x  6  cm-size 

petri  dishes.  Each  dish  contains  5  ml  of  aerated  tap 
2 

water,  1  cm  of  blue-green  algae  and  50  snails.  Unless 
otherwise  stated,  en  masse  exposures  are  used  routinely. 
The  temperature  for  exposure  is  25°C  -  27°C  and  the 
snails  are  left  for  3-5  hours  in  containers  under 
ceiling  illumination.  After  exposure,  snails  are  placed 
into  plastic  trays  containing  1.5  liters  of  aerated  tap 
water  supplied  with  lettuce,  blue-green  algae  and  mud, 
and  agar  mud  paste  at  a  density  of  50  snails  per  tray. 
Snails  are  maintained  under  continuous  light  and  they 
are  changed  weekly  until  screening  for  patency.  A  total 
of  1200  snails  are  exposed  monthly.  Practically  no 
mortality  is  to  be  encountered  before  patency.  From 
these  1000  to  1100  are  to  become  positive,  giving  an 
infection  rate  of  85%  to  90%. 

efficiency  in  identifying  patency  of  snails,  a  simple 
detection  method  has  been  devised  (Liang  and  Bruce,  in 
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preparation).  Snails  exposed  3-4  weeks  previously  are 
placed  in  a  petri  dish  with  enough  aerated  tap  water  to 
barely  cover  their  bodies.  Under  a  dissecting 
microscope,  snails  are  individually  examined  for  the 
presence  of  daughter  sporocysts.  Jn  positive  snails  the 
sporocysts,  which  appear  as  a  whitish  mottling  in  the 
hepatopancreas,  are  readily  visible  through  the  shells. 
This  method  permits  selection  of  93%-100%  of  the  total 
snails  which  ultimately  will  become  positive  or  negative 
and  is  carried  out  at  the  rate  of  150-200  snails  per 
hour.  Subsequently,  the  positive  snails  are  placed  in 
plastic  trays  without  illumination,  and  the  negative 
snails  are  destroyed.  Data  which  support  the  efficiency 
and  fidelity  of  this  screening  method  are  shown  in  Table 
1.  When  an  early  determination  of  infection  is 
required,  it  is  made  by  examining  the  presence  of  mother 
sporocysts  in  the  foot  muscles  and  tentacles  of  the 
snails  at  14  days  after  exposure  to  miracidia. 

D.  Collecting  cercariae.  Approximately  1200  positive 
snails  are  maintained  routinely  in  this  laboratory. 

From  these,  two  types  of  cercarial  collections  are  made. 
Type  1  cercarial  collection  is  performed  once  every  two 
weeks  to  infect  laboratory  mice  with  150-200  cercariae 
per  mouse  for  the  routine  maintenance  of  £.  mansoni 
cycle.  Approximately  100  snails  are  set  out  for  this 
purpose.  Type  2  cercarial  collection  is  carried  out  for 
the  purpose  of  exposing  animals  for  experimental 
purposes.  The  number  of  infected  snails  to  be  used  will 
depend  on  the  number  of  infected  mammals  to  be  exposed. 
Data  collected  previously  on  shedding  of  cercariae  from 
snails  provided  us  with  information  in  predicting  the 
number  of  snails  required  for  collecting  desired  numbers 
of  cercariae.  Such  a  prediction  model  is  shown  in  Table 
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2.  The  volume  of  water  required  to  collect  cercariae 
depends  on  the  dose  desired  for  exposure  of  mammals.  An 
improved  procedure  for  collection  of  cercariae  has  been 
devised  (Table  3).  When  cercariae  are  needed,  patent 
snails  are  removed  from  the  plastic  trays  and  placed  in 
a  beaker  without  water,  but  with  moisture  maintained. 

The  beaker  is  then  allowed  to  stand  for  15-20  min.  under 
ceiling  illumination  at  room  temperature  (25°C-27°C). 
After  this  period  of  time,  a  small  volume  of  water  is 
added  to  the  beaker  and  the  snails  are  gently  rinsed  to 
remove  feces  and  other  debris.  This  water  is  then 
discarded  and  a  second  volume  of  water  (100  ml  per  100 
snails)  is  added.  The  beaker  is  placed  uncovered  under 
a  15-w  white  fluorescent  light  (18  inches  above  beaker) 
for  a  period  of  10-20  min.  After  this  period,  the  water 
containing  cercariae  is  decanted  into  another  beaker 
allowing  the  snail  feces,  mucus  and  other  debris  to 
remain  in  the  original  vessel.  The  density  of  cercariae 
is  then  adjusted  as  follows.  The  entire  procedure  takes 
less  than  one  hour.  This  procedure  dramatically  reduces 
the  mortality  among  snails  due  to  prolonged  shedding 
time. 

e.  Estimating.. Ceic  axial. Densities,  while  mixing  the 
cercarial  suspension  continuously  with  a  magnetic 
stirring  bar,  ten  0.1  ml  aliquots  are  removed  from  the 
center  of  the  suspension  by  a  Cornwall  continuous 
pipetting  syringe  and  placed  into  a  10-cell  Boerner 
counting  slide.  Before  counting  under  a  dissecting 
microscope,  one  drop  of  Lugol's  iodine  solution  is  added 
to  each  cell.  The  counts  from  10  cells  are  averaged  and 
the  cercarial  density  is  determined.  The  suspension  is 
subsequently  diluted  to  the  desired  number  of  cercariae 
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per  0.1  ml  of  suspension  before  exposure  of  mammals. 
For  requests  which  require  extremely  large  number  of 
cercariae  per  dose,  the  suspension  is  passed  through  a 
hand-made  nylon  sieve  with  20,u  opening  to  concentrate 
the  cercariae. 

Exposure  of  Mammals.  Outbred  albino  mice  are  used. 


Three  methods  of  exposures  of  mammals  are  available. 
'They  are:  1)  tail  immersion  exposure;  2)  abdominal 
skin  exposure;  and  3)  intr aperiotoneal  injection  of 
cercariae.  To  insure  material  for  life  cycle 
maintenance,  10  mice  will  be  exposed  bi-weekly. 


a  £.  manfioni  parasite  and  albino  Biamphalaria  glabrata 
snail  from  Puerto  Rico  and  from  Brazil  (one  susceptible 
to  drugs  and  one  resistant  to  oxamniquine  are 
maintained)  . 


Table  1  Efficacy  of  detecting  daughter  sporocysts  in  hepatopancr  eas 
1638  Biomphalar ia  glabrata  snails  (Puerto  Rican  strain) 
exposed  to  miracidia  of  Schistosoma  mansoni  (Puerto  Rican  strain) 


Group 

No. 

Days  post¬ 
exposure 

No.  of  positive  and 
negative  snails 
conf  irmed 

No.  of  positive  and 
negative  snails  con- 
firmed  bv  crushing _ 

% 

accur acy 

microsco pi cally 

posi  tive 

nega  tive 

* 

1 

22 

posi  tive 

3  67  a 

3  6  7  b 

0 

100 

negative 

22c 

0 

22d 

100 

2 

23 

posi  tive 

245a 

245b 

0 

100 

ne  gative 

42° 

3 

39d 

93 

3 

24 

posi  tive 

232a 

232b 

0 

100 

negative 

54c 

4 

5  0d 

93 

4 

2  7 

posi  tive 

3  21 a 

3  21b 

0 

100 

negative 

66c 

2 

6  4d 

97 

5 

28 

posi  tive 

269a 

269b 

0 

100 

ne  gative 

20£ 

5 

1 5d 

75 

Total 

- 

posi  tive 

1434a 

1 43  4b 

0 

100 

— 

ne  gative 

20  4.2 

14 

1  90d 

93 

*  %  accuarcy  of  microscopical  method  compared  to  crushing  method 


^  X  100  or  X  100. 

a  ^ 


s- 

01 
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Techniques  for  Cultivation  of  Bui  inus 
(Egyptian  Strain)  and  Bulinus  truncatus  rohlfsi  (Ghanian  Strain) 
and  the  Maintenance  of  Schistosoma  haematobium  (Egyptian  and 

Ghanian  Strains) 


i .  Halt.  _f  d  f.  _£n all.  Kami.  e  rmng.g 
Two  types  of  units  are  used. 

A.  A  mobile  unit  similar  to  that  designed  by  Davis  (1971) 
is  used  for  accommoda  ti  ng  large  numbers  of  snails 
(Figure  1).  The  overall  dimensions  of  this  unit  are  52 
x  175  x  243  cm.  It  is  equipped  with  air  lines  and 
fluorescent  lights  and  is  used  to  accommodate  glass 
aquaria  holding  stock  Bulinus  snail  cultures.  This  unit 
is  capable  of  holding  32  glass  aquaria  (20-liter  size), 
64  plastic  trays  or  288  petri  dishes. 

B.  A  mobile  unit  constructed  of  heavy-duty  steel  (Figure 
2)  .  The  overall  dimensions  of  this  unit  are  61  x  122  x 
188  cm.  It  is  equipped  either  with  or  without 
fluorescent  lights.  The  unit  equipped  with  fluorescent 
lights  is  used  for  accommodating  the  type  of  aquaria 
(plastic  trays  and  petri  dishes)  which  do  not  require 
aeration.  This  type  of  mobile  unit  is  also  used  for 
cultivating  algae  needed  as  food  for  snails.  The  unit 
without  fluorescent  lights  is  used  for  accommodating 
patent  snails.  Each  of  these  units  is  capable  of 
holding  50  plastic  trays  or  180  petri  dish  cultures. 
There  are  five  of  these  units  available  in  this 
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laboratory,  which  is  more  than  sufficient  to  meet  the 
requirements  for  this  proposal. 

Three  kinds  of  aquaria  are  used:  1)  twenty-liter  glass 
aquaria  are  used  for  maintaining  stock  snail  cultures; 

2)  plastic  trays  with  a  holding  capacity  of  1.5  liters 
of  water  are  used  as  breeding  aquaria  for  collecting 
eggs  and  for  maintaining  pre-patent  and  patent  snails; 

3)  petri  dishes  with  a  holding  capacity  of  40  ml  of 
water  are  used  for  incubating  and  hatching  eggs. 

Newborn  snails  are  also  kept  in  the  petri  dishes  until 
they  reach  3-4  mm  in  size. 


A.  Light.  The  20-liter  glass  aquaria  used  for  maintaining 
stock  snails  are  held  under  12-hour  light  and  12-hour 
darkness  in  Type  1  units.  The  fluorescent  light  is 
suspended  12  inches  above.  The  plastic  trays  (when  used 
for  breeding  and  for  maintaining  pre-patent  snails)  are 
placed  in  continuous  artificial  light  provided  by  a  40-w 
"cool"  white  fluorescent  tube  suspended  18  inches  above 
each  shelf.  Likewise,  the  petri  dishes  containing 
newborn  snails  are  placed  under  similar  light.  Plastic 
trays  with  patent  snails  are  maintained  without 
illumination.  Petri  dishes  containing  egg  masses  are 
placed  under  ceiling  light. 

B.  Water.  Tap  water  is  conditioned  before  use  by  passing 
it  through  a  "Diamond"  filter  (Model  #131-1575) 
containing  layers  of  activated  charcoal  and  sand.  The 
water  is  then  aerated  for  at  least  one  day  prior  to  use. 
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c. 


The  pH  of  the  water  is  approximately  7.1.  The  pH  of  the 
water  in  the  aquaria  and  plastic  trays  is  monitored 
weekly. 


Aeration.  Air  supplied  to  glass  aquaria  is  passed  from 
a  centrally  located  air  compressor  through  a  water-oil 
extractor  into  cultire  units.  The  water  contained  in 
plastic  trays  and  petri  dishes  is  not  aerated. 


D.  Temperature.  Temperature  is  monitored  daily.  It  is 
maintained  at  25°C-27°C. 

E.  Food.  Romaine  lettuce  supplemented  with  blue-green 
algae  (Nostoc  miiscoruml  and  mud  forms  the  diet  of  stock 
snails  in  glass  aquaria  as  well  as  those  kept  in  plastic 
trays.  The  agar  mud  paste  recipe  described  as  an 
additional  food  source  for  Biomphalaria  snails  is  also 
used  for  these  species  of  snails. 


hi.  Breeding 

Adult  snails  are  transferred  to  plastic  trays  containing 
1.5  liters  of  aerated  tap  water  and  maitained  at  a  density 
of  ten  snails  per  tray.  Trays  are  placed  under  continuous 
light  and  supplied  with  food  as  described  above.  Trays  are 
changed  weekly,  at  which  time  egg  masses  are  scraped  from 
the  wall  of  the  trays  as  well  as  from  the  surface  of 
lettuce. 
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IV. 


Hatching .of  fggs  and  Maintenance  of  Newborn 


Egg  masses  are  placed  in  petri  dishes  with  aerated  tap 
water  and  incubated  under  ceiling  light  for  one  week  until 
hatching.  Approximately  50  newborn  (0.6-0. 8  mm  in  shell 
length)  are  transferred  with  a  pipette  to  petri  dishes  with 
blue-green  algae  and  mud,  and  are  placed  under  continuous 
illumination.  At  the  end  of  one  week,  snails  are 
transferred  to  new  dishes,  25  per  dish.  Within  14  days, 
young  snails  will  reach  3-4  mm  in  size  which  is  suitable 
for  exposure  to  miracidia. 


V.  Maintenance  of  £.  haematobium  Life  Cycle 


A.  Collecting  Miracidia.  The  large  intestines  are  excised 
from  golden  hamsters  (C.lice.tns  amatus)  with  £. 
haematobium  infections  of  at  least  120  days  duration. 

The  portion  of  the  intestine  having  masses  of  egg 
nodules  is  severed  and  rendered  free  of  feces  by  rinsing 
with  0.85%  saline.  The  intestine  is  cut  into  pieces 
approximately  1  cm  long  and  placed  into  a  200-ml 
stainless  steel  Eberbach  container  with  20  ml  of  0.85% 
saline.  The  container  is  placed  on  a  single-speed 
Waring  blender  (No.  700)  connected  to  a  variable 
autotransformer  and  the  tissues  are  homogenized  for  5-10 
sec.  at  very  low  speed  (30  volts).  The  suspension  is 
poured  into  a  tiered  column  of  sieves  arranged  in 
descending  order  of  mesh  openings  (420  u,  177  ju,  105  u, 
and  45  >1).  The  eggs  are  washed  through  to  the  bottom 
sieve  with  100  ml  of  0.85%  saline.  Large  peices  of 
tissues  which  had  been  trapped  in  the  top  sieves  are 
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re-homogenized  in  20  ml  of  0.85%  saline.  The  procedure 
is  repeated  three  times  at  low  (50  volts),  intermediate 
(70  volts)  and  finally  high  speed  (100  volts).  A  volume 
of  100  ml  of  aerated  tap  water  is  poured  into  the  sieve 
column  to  rinse  eggs  free  from  saline.  The  eggs  are 
washed  from  the  bottom  sieve  into  a  petri  dish  (2  x  10 
cm)  with  40  ml  of  aerated  tap  water  and  concentrated  to 
the  center  of  the  dish  by  gentle  rotation.  The  eggs  are 
then  pipetted  into  a  small  dish  (1.5  x  6  cm)  and  the 
dish  is  placed  under  ceiling  illumination  for  hatching 
m iraci di a. 

The  entire  procedure  takes  approximately  15  min.  and 
miracidia  usually  appear  within  10  min.  Snails  are 
exposed  to  miracidia  which  are  less  than  one  hour  old. 

Exposure  of  Snails.  Snails  (3-4  mm  in  size)  are 

recovered  from  petri  dish  cultures  and  are  exposed 

either  individually  or  en  masse.  For  individual 

exposures,  snails  are  placed  in  glass  vials  (15  x  17  mm) 

containing  0.2-0. 4  ml  of  aerated  tap  water.  Each  snail 

is  exposed  to  5-10  haematobium  miracidia.  En  masse 

exposure  is  carried  out  using  a  petri  dish  (1.5  x  6  cm) 

2 

containg  5  ml  of  aerated  tap  water  and  1  cm  of 
blue-green  algae  at  a  density  of  50  snails  per  dish.  An 
average  of  5-10  miracidia  per  snail  is  used.  Unless 
otherwise  requested  by  investigators,  en  masse  exposures 
are  used.  The  exposure  temperature  is  25°C-27°C  and  the 
snails  are  left  for  3-5  hours  in  the  exposure  dishes 
under  ceiling  illumination. 

After  exposure,  the  snails  are  maintained  for  3  to  4 
additional  days  in  new  petri  dishes  with  blue-green 
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algae  and  mud,  25  per  dish.  This  step  reduced  the 
mortality  of  snails  to  nil.  Thereafter,  snails  are 
maintained  in  groups  of  50  per  plastic  tray  containing 
1.5  liters  of  aerated  tap  water  and  supplied  with 
lettuce,  blue-green  algae,  mud,  and  agar  mud  paste. 

They  are  placed  under  continuous  light  and  the  trays  are 
changed  weekly  until  they  are  screened  for  infection. 

Screening  snails  for  Infection.  The  technique  used  for 
screening  B ul inus  snails  for  the  presence  of  infection 
is  essentially  the  same  as  that  described  for  screening 
B iomphalar ia  snails.  Snails  exposed  to  miracidia  4 
weeks  previously  are  placed  in  a  petri  dish  with  aerated 
tap  water  sufficient  to  just  cover  snail  bodies.  Under 
a  dissecting  microscope,  snails  are  individually 
examined  for  the  presence  of  daughter  sporocysts  visible 
through  the  snail  shells.  The  sporocysts  appear  as 
whitish  mottling  in  the  hepatopancr eas  of  snails.  This 
method  permits  selection  of  81%-100%  of  the  total  snails 
which  ultimately  will  become  positive  or  negative  and  is 
carried  out  at  the  rate  of  50-75  snails  per  hour.  The 
positive  snails  are  then  placed  in  plastic  trays  without 
illumination.  The  remaining  snails,  which  show  no  signs 
of  infection  by  this  method,  are  re-examined  2  weeks 
later  by  the  shedding  method.  Snails  are  kept  in 
darkness  for  a  period  of  16  hours  prior  to  inducing  them 
to  shed.  The  snails  are  then  placed  individually  in 
glass  vials  (20  x  30  mm)  without  water  for  a  period  of 
30  min.  under  ceiling  illumination  at  room  temperature 
(25°C-27°C).  After  this  period,  5  ml  of  aerated  tap 
water  is  added  to  each  vial  and  the  vials  are  then 
placed  under  15-w  white  fluorescent  lights  (18  inches 
above  vials)  for  2  hours.  With  the  aid  of  a  dissecting 
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microscope,  vials  are  examined  for  the  presence  of 
cercariae.  Snails  found  to  be  negative  are  destroyed. 
Data  which  support  the  efficiency  of  this  screening 
method  is  shown  in  Table  4.  Early  detection  of 
infection  is  made  by  examining  the  presence  of  mother 
sporocysts  in  the  foot  muscles  of  the  snails.  Unlike 
those  found  in  B  iomphalar  ia  snails,  the  mother 
sporocysts  of  5.  haematobium  (Egyptian  strain)  are  found 
exclusively  in  foot  muscles.  Snails  14  days  after 
exposure  are  placed  on  a  moist  petri  dish  (2  x  10  cm) 
and  allowed  to  attach  their  feet  on  the  surface  of  the 
dish.  The  dish  is  then  inverted  and  the  presence  of  the 
mother  sporocysts  is  examined  through  the  glass  of  the 
dish  under  a  dissecting  microscope  by  adjusting  the 
microscope  light.  The  sporocysts  appear  as  opaque  white 
specks  embedded  in  the  foot  muscle. 


_CQlleg.tj.ag  -Cei-eaciae.  Approximately  150  positive  snails 
of  each  snail  species  infected  with  each  2.  haematobium 
strain  are  routinely  maintained.  Two  types  of  cercarial 
collections  are  performed  from  these  snail  popul  ati  ons. 
Type  1  cercarial  collection  is  performed  monthly  in 
order  to  infect  hamsters  with  400  cercariae  for  the 
routine  maintenance  of  2.  haematobium.  About  50-70 
snails  are  set  out  for  this  purpose.  Type  2  cercarial 
collection  is  carried  out  for  infection  of  animals  for 


experimental  purposes. 


For  collection  of  2. 
used  for  Biomphalari. 


cercariae,  the  method 


used  for  Biomphalaria  snails  is  also  used,  except  that 
the  patent  snails  are  held  in  darkness  in  plastic  trays 
for  a  period  of  16  hours  or  more  prior  to  shedding. 

They  are  then  transferred  from  the  plastic  trays  into  a 
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beaker  without  water,  but  with  moisture  maintained.  The 
beaker  is  then  allowed  to  stand  for  30  min.  under 
ceiling  illumination  at  room  temperature  (25°C-27°C). 
After  this  period  of  time,  a  small  volume  of  water  is 
added  to  the  beaker  and  the  snails  are  gently  rinsed  to 
remove  feces  and  other  debris.  This  water  is  then 
discarded  and  a  second  volume  of  water  is  added  (50 
ml/50  snails)  and  the  beaker  is  placed  under  15-w  white 
fluorescent  lights  (18  inches  above  beaker)  for  a  period 
of  2  hours. 


E.  Expo S.U r e_  0.£  -Mammals •  The  golden  hamster  ( Cri.cet.us 

auratus)  is  used  as  the  definitive  host  for  maintaining 
5-  haematobium  in  the  laboratory  and  is  the  mammal 
provided  to  investigators  for  2.  haematobium  infection. 
The  cercarial  suspension  obtained  as  described 
previously  is  decanted  into  a  petri  dish  (2  x  10  cm)  and 
placed  under  a  dissecting  microscope.  Unlike  2.  mansoni 
exposure,  2.  haematobium  cercariae  are  counted 
individually.  Using  an  extra-finely  drawn-out  capillary 
pipette,  individual  cercariae  are  transferred  onto  the 
moistened  shaven  abdomen  of  a  hamster  which  has  been 
anesthetized  with  sodium  pentobarbital  and  held  on  a 
large  watch  glass  (125  mm  in  diameter).  The  hamster  is 
exposed  for  at  least  30  minutes.  With  this  technique, 
the  exact  number  of  cercariae  used  for  exposure  is 
determined.  Unless  requested  otherwise,  the  dose 
employed  is  400  cercariae  per  hamster.  Hamsters  used 
for  life  cycle  are  sacrificed  and  autopsied  approxmately 
120  days  later.  For  maintenance  of  the  respective  2* 
haematobium  cycles,  6-7  hamsters  are  exposed  monthly. 
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The  Egyptian  strain  of  Bulinus  tr uncatus  truncatus  snail 
and  Bulinus  guernei  (Gambian)  snail  and  Schistosoma 
haematobium  (Egyptian  strain)  originated  from  the 
University  of  Michigan  stock.  A  more  recent  isolate  of 
.Bulinus  truncatus  truncatus  and  £.  haematobium  from  the 
field  in  Egypt  (1980  and  1981,  respectively)  is  now 
being  maintained  and  will  gradually  replace  the  old 
stock  (snail  and  parasite)  if  warranted  for  use  in  this 
program.  The  Ghanian  and  Voltan  strains  of  Bulinus 
truncatus  rohlfsi  and  Schistosoma  haematobium  (Ghanian 
strain)  also  originated  from  the  University  of  Michiqan 
stock. 


Techniques  for  Cultivation  of  the  4  Subspecies  of 

hupens is  and  the  Maintenance  of  the  4  Geographic  Strains 

of  Schistosoma  japonicum 


Unit  for.  Snail  Maintenance 

A  mobile  unit,  constructed  of  heavy-duty  steel  (Figure  2) 
is  used  to  accommodate  large  numbers  of  snails  and 
cercariae  for  requesting  investigators.  The  overall 
dimensions  of  the  unit  are  61  x  122  x  188  cm.  Two  types  of 
units  are  used,  neither  of  which  is  equipped  with  air 
lines.  The  unit  with  lighting  is  used  for  accommoda  ti  ng 
petri  dish  cultures  containing  patent,  pre-patent,  breeder 
snails  and  algal  cultures.  The  unit  without  lighting  is 
used  for  incubating  snail  eggs. 

Three  kinds  of  aquaria  are  used:  1)  a  petri  dish  (2  x  10 
cm)  containing  peripherally  placed  mud,  blue-green  algae 
( Nostoc  muscorum)  and  water  is  used  for  breeding  and 
obtaining  eggs  (French,  1974  and  1977);  2)  a  petri  dish 

containing  a  centrally  placed  mud  mount,  blue-green  algae 
( Nostoc  muscorum)  and  water  is  used  for  rearing  young 
snails  and  maintaining  both  pre-patent  and  patent  snails 
(Liang,  1974);  3)  a  petri  dish  containing  a  small  amount 

of  blue-green  algae  ( Nostoc  muscorum)  .  mud  and  water  is 
used  for  newborn  snails  (Liang,  1975). 


Environmental  Parameters 

A.  Light.  Breeder,  pre-patent  and  patent  snails  are 
maintained  under  a  40-w  "cool"  white  fluorescent  light 
with  12-hour  light  and  12-hour  darkness.  Eggs  collected 
from  breeding  dishes  are  placed  in  clean  petri  dishes 
with  aerated  tap  water  and  placed  on  shelves  without 
direct  illumination. 

B.  Water.  Tap  water  is  conditioned  before  use  by  passing 
it  through  a  "Diamond"  filter  (Model  #131-1575) 
containing  layers  of  activated  charcoal  and  sand.  The 
water  is  then  aerated  for  at  least  one  day  prior  to  use. 
The  pH  of  the  water  is  approximately  7.1. 

C.  Temperature.  Temperature  is  monitored  daily  and 
maintained  at  25°C-27°C. 

D.  Food.  Blue-green  algae  (Nfi.St.O.C  muS-COi-Um)  grown  in  petri 
dishes  with  mud  (Liang,  1974)  is  used  exclusively  as  the 
food  source.  Newly  formulated  agar  mud  paste  is  used  as 
an  additional  diet. 


Bleeding 

A  modification  of  the  culture  method  described  by  French 
(1974  and  1977)  is  used  for  cultivating  all  subspecies  of 
Qncomelania  snails.  Adult  snails  (5  males  and  5  females 
per  aquarium)  are  introduced  into  petri  dish  aquaria 
containing  peripherally  placed  mud.  After  the  surface  of 
the  mud  is  washed  several  times,  a  small  amount  of 
blue-green  algae  is  added.  Hie  aquaria  are  checked  weekly 
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for  eggs  which  are  then  removed  into  a  petri  dish 
containing  aerated  tap  water.  At  the  same  time,  snail 


feces  and  soiled  water  are  removed  and  fresh  water  and 


algae  (if  necessary)  are  added.  A  small  amount  of  agar  mud 
paste  is  also  added. 


Eggs  previously  placed  in  petri  dishes  with  aerated  tap 
water  are  placed  on  shelves  without  direct  illumination  for 
incubation  and  hatching.  Eggs  usually  hatch  within  18 
days.  New  born  snails  are  then  placed  in  newly  established 
aquaria  containing  a  small  amount  of  blue-green  algae  and 
allowed  to  grow  for  2-3  weeks.  The  snails  are  maintained 
under  12-hour  light  and  12-hour  darkness.  After  reaching 
2-3  mm  in  shell  length,  the  snails  are  used  for  exposure  to 
miracidia  or  for  establishing  new  rearing  cultures  by 
placing  snails  in  petri  dishes  containing  centrally  placed 
mud  with  blue-green  algae.  A  small  amount  of  the  newly 
formulated  agar  mud  paste,  as  described  for  use  in 
Biomphalar ia  cultivation,  is  also  provided  for  these 
snails. 


V.  Maintenance  of  .£.  i 


Life  Cycle 


Collecting  Miracidia.  Livers  and/or  feces-free 
intestines  excised  from  mice  exposed  to  £.  iaponicum 
cercariae  (pertains  to  all  4  geographic  strains)  8-12 
weeks  previously  are  used  as  the  source  of  eggs  t)  hatch 
miracidia.  Tissues  are  cut  into  pieces  and  placed  into 


a  200-ml  stainless  steel  Eberbach  container  with  20  ml 


of  0.85%  saline.  The  container  is  placed  on  a 
single-speed  Waring  blender  (No.  700)  connected  to  a 
variable  autotransformer  and  the  tissues  are  homogenized 
for  5-10  sec.  at  very  low  speed  (30  volts).  The 
suspension  is  poured  into  a  tiered  column  of  sieves 
arranged  in  descending  order  of  mesh  openings  (420  g, 

177  ju,  105  g,  and  45  ju)  .  The  eggs  are  washed  through  to 
the  bottom  sieve  with  100  ml  of  0.85%  saline.  Large 
pieces  of  tissues  which  had  been  trapped  in  the  top 
sieves  are  re-homogenized  in  20  ml  of  0.85%  saline.  The 
procedure  is  repeated  three  times  at  low  (50  volts), 
intermediate  (70  volts)  and  finally  high  speed  (100 
volts).  A  volume  of  100  ml  of  aerated  tap  water  is 
poured  into  the  sieve  column  to  rinse  eggs  free  from 
saline.  The  eggs  are  washed  from  the  bottom  sieve  into 
a  petri  dish  (2  x  10  cm)  with  40  ml  of  aerated  tap  water 
and  concentrated  to  the  center  of  the  dish  by  gentle 
rotation.  The  eggs  are  then  pipetted  into  a  small  petri 
dish  (1.5  x  6  cm)  and  the  dish  is  placed  under  ceiling 
illumination  for  hatching  miracidia.  The  entire 
procedure  takes  approximately  15  min.  and  miracidia 
usually  appear  within  15  min.  If  eggs  do  not  hatch 
within  this  time  period,  the  eggs  are  washed  again  with 
aerated  tap  water  to  facilitate  hatching.  Snails  are 
exposed  to  miracidia  which  are  less  than  one  hour  old. 


Exposure  of  Snails.  Qncomelania  snails  (pertains  to  all 

sub-species)  2-3  mm  in  shell  length  are  recovered  from 

rearing  aquaria  and  exposed  to  5-10  miracidia  either 

individually  or  en  masse.  Individual  snail  exposures 

are  carried  out  using  glass  vials  (15  x  11  mm).  En 

masse  exposures  are  carried  out  using  a  petri  dish  (1.5 

2 

x  6  cm)  containing  5  ml  of  aerated  tap  water  and  1  cm 
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of  blue-green  algae.  The  temperature  for  exposures  is 
25°C-27°C  and  the  snails  are  left  for  3-5  hours  in  the 
exposure  containers  under  ceiling  illumination. 

C.  Screening  Snails  for  Infection.  Although  it  is  possible 
to  check  Oncomelania  snails  for  evidence  of  infection  by 
placing  them  in  water  to  shed,  the  results  are  often 
discouraging  and  this  procedure  is  not  routinely 
practiced  in  this  laboratory.  Instead,  snails  are 
checked  for  evidence  of  patency  by  using  the  same  basic 
techniques  as  described  for  Biomphalaria  and  Bui inus 
snails .  Shells  of  the  snails  are  cleaned  and  are 
examined  for  the  presence  of  daughter  sporocysts  visible 
through  the  shells.  The  sporocysts  appear  as  whitish 
mottling  in  the  he pato pancreas  of  snails.  This  method 
permits  selection  of  85-90%  of  the  total  snails  which 
ultimately  will  become  positive  or  negative  and  is 
carried  out  at  the  rate  of  30-50  snails  per  hour.  These 
visually-positive  snails  are  cultured  until  patency. 

They  are  then  either  supplied  to  investigators  or  used 
for  maintenance  of  life  cycle.  Those  vis  ually-nega  tive 
snails  are  cultured  separately  until  patency'  date.  They 
are  then  crushed  at  the  time  the  visually-positive 
snails  are  used  and  examined.  Da  ta  which  supports  the 
efficiency  of  this  screening  method  is  shown  in  Table  5. 

D.  Collecting  Cercariae.  Cercariae  are  obtained  by 
crushing  snails  in  a  small  petri  dish  {1.5  x  6  cm)  to 
which  is  added  a  small  volume  (about  10  ml)  of  water. 
Unlike  the  cercariae  of  £ .  mansoni  and  £.  haematobium, 
most  japonicum  (all  strains)  cercariae  swim  to  the 
surface  of  the  water  and  usually  remain  there.  To 
collect  these  cercariae  a  hair-loop  is  used.  The 
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Group 

No. 

Days  post¬ 
exposure 

1 

120 

2 

108 

3 

106 

4 

133 

TOTAL 

- 

Table  5  Efficacy  of  detecting  daughter  sporocysts  in 
hepatopancr eas  of  241  Oncomelania  hupensis  ajj 
(Leyte  strain)  snails  exposed  to  miracidia  of 
Schistosoma  japonicum  (Philippine  strain) 


No.  of  positive  and 
negative  snails  con- 


No.  of  positive  and 
negative  snails 
co  nf  irmed 
micros  co  pi  cally 

posi  tive 

19a 

negative 

3 1C 

posi  tive 

6  la 

negative 

79° 

positive 

5a 

negative 

16° 

posi  tive 

10a 

negative 

20c 

positive 

9  5a 

negative 

1 46C 

accuracy 


hair-loop  is  fastened  to  a  very  fine  minute  pin,  which 
in  turn  is  attached  to  a  glass  tube.  The  angle  of  the 
hair-loop  is  adjustable.  To  collect  those  cercariae 
which  are  submerged  under  the  water  surface,  an  extra 
finely  drawn-out  capillary  pipette  is  used.  For 
intraperitoneal  injection,  cercariae  are  collected  by 
use  of  a  syringe  and  needle  under  a  dissecting 
microscope  and  the  dose  of  cercariae  specified  by  each 
investigator  is  injected  into  mice. 

Two  types  of  collections  are  made  for  .£.  iaponicum 
cercariae  (pertains  to  all  strains).  Type  1  collections 
are  made  for  exposure  of  mice  used  for  maintenance  of 
life  cycles  of  the  4  strains.  For  this  purpose,  10-15 
snails  are  used  for  collection  of  cercariae.  Type  2 
collections  are  carried  out  when  animals  are  exposed  for 
experimental  purposes.  Ihe  number  of  infected  snails 
and  cercariae  to  be  used  for  exposure  depends  on  the 
experimental  conditions. 

E.  Exposure  of  Mammals.  Outbred  albino  mice  are  used  for 
maintaining  life  cycles  as  well  as  for  providing 
infected  animals  to  investigators.  Two  methods  of 
mammal  exposures  are  available.  They  are:  1)  abdominal 
skin  exposures;  and  2)  intraperitoneal  injection  of 
cercariae.  An  abdominal  skin-exposure  method  is  used 
for  both  maintaining  the  life  cycles  as  well  as  for 
providing  infected  mice  to  investigators  unless 
requested  otherwise  by  the  investigators.  Exact  numbers 
of  cercariae  are  transferred  to  the  moistened-shaven 
abdomen  of  the  mouse,  which  has  been  anesthetized  with 
sodium  pentobarbital,  and  held  on  a  small  watch  glass 
(100  mm  diameter).  The  mouse  is  exposed  fcr  at  least  30 
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min. 


For  maintenance  of  each  of  the  4  strains  of  £. 
icum  cycles,  8  mice  are  exposed  monthly  with  the 
of  30-35  cercariae  per  mouse. 


iaponicum  (Chinese-Vogel  strain)  are  from  the  University 
of  Michigan  stock.  _Q.ii.  hupensis  (Shanghai  strain)  and 
£.  iaponicum  (Chinese-Shanghai  strain)  were  obtained 
through  Dr.  Mao  from  the  People's  Republic  of  China. 

Q.h •  nosophora  (Kofu  strain)  and  _£.  japonicum  (Japanese 
strain)  were  supplied  from  Hamamatsu  University  direct  to 
the  University  of  Lowell.  A  more  recent  isolate,  £.1). 
nosophora  (Kofu  strain)  and  £.  iaponicum  ( Japanese-YYA 
strain)  have  been  received  from  the  National  Institute  of 
Health,  Japan,  and  will  gradually  replace  the  older 
strains. 

Q._h.  formosana  (Pu-yen  strain)  was  obtained  through  Dr. 
Cross  ( NAMRU-2 )  direct  from  Taiwan  and  from  this 
laboratory.  £.  japonicum  (Formosan  strain)  originated 
from  the  University  of  Michigan  stock. 

-Q.il.  guadrasi  (Leyte  strain)  and  £.  japonicum  (Philippine 
strain)  originated  from  Leyte,  Philippines  through  Dr. 
Sano,  Hamamatsu  University,  Japan. 

Q.-b*  chiui  (Alilao  strain)  was  from  the  University  of 
Michigan  stock  and  from  this  laboratory,  Q.]j.  chiui 
(Linco  strain)  was  from  this  laboratory. 
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Routine  Maintenance  of  Snail  Laboratory 
(applies  for  all  snail  species) 


Daily  checks  are  made  of  water  levels  and  the  temperature  of 
glass  aquaria,  plastic  trays  and  petri  dishes.  Snails  which  have 
climbed  above  the  water  level  are  returned  to  the  water.  Dead 
snails  and  decaying  food  matter  are  removed,  and  mortality  among 
pre-patent  and  patent  snail  populations  is  recorded. 

Aquaria  containing  cloudy  water,  protozoa,  metazoa,  etc.  are 
changed  immediately.  The  aquaria  are  thoroughly  soaked  with  a 
10%  bleach  solution,  then  thoroughly  washed  with  hot  running  tap 
water  followed  by  a  final  prolonged  rinse  with  aerated  tap  water 
(Table  6  )  . 


*  '  %  <. 


Table  5  Routine  latoratory  tasks 


Tasks 

Feed  snails 
Check  temperature 

Check  level  and  condition  of  water  in  aquaria 

Check  aeration  and  filtration  system 

Check  snail  mortality;  remove  dead  snails 

Record  vital  statistics 

Check  pH  of  water 

Collect  egg  trasses 

Set  up  breeding  cultures 

Set  up  rearing  cultures 

Change  voter  of  cultures  holding  pre-patent  and 
patent  snails 


Maintenance  of  Records  (applies  for  all  species) 

Three  types  of  data  recording  forms  are  used  to  provide 
continuous  monitoring  of  the  production  of  stock  snails  and  for 
maintenance  of  infected  snails  and  mammals.  They  are  designated 
as:  Form  1  (rearing  snails);  Form  2  (snail  infection);  and  Form 
3  (mammal  infection).  Form  1  is  used  for  recording  data 
pertinent  to  snail  rearing  such  as  date  of  set-up,  numbers  of 
breeders,  survivals,  eggs  laid,  and  the  number  and  date  of  young 
snails  produced  as  well  as  other  pertinent  data  (Figure  3).  Form 
2  is  used  to  record  conditions  of  exposure  of  snails  to 
miracidia,  sources  of  miracidia,  survival  of  snails  and  number  of 
snails  determined  to  be  positive  by  shedding  and  crushing  (Figure 
4).  Form  3  is  used  to  record  exposure  of  mammals  to  cercariae, 
source  of  cercariae,  survival  of  mammals,  and  status  of  infection 
at  the  time  the  mammals  are  sacrificed  (Figure  5). 

With  these  forms  one  may  monitor  the  infection  parameters  of 
schistosome  species  from  the  snail  hosts  to  the  experimental 
mammals.  These  records  are  bound  periodically  and  maintained  in 
a  separate  record  room  at  this  facility. 
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Species* 
Source i 


No.  Snail*  (|*  $«  ) 

Age*  Sice* 

Date  Set-upt 
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Tray  No.; 

Data  Inf.: 

No.  Exp.: 

Method:  an  Basse  ind. 

No.  Mir.: 

Definitive  Host: 
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Parasite  Strain: 
Snail: 

Ace: 
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Exposure  Time; 
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Figure  4  Form  for  Snail  Infection 


Figure  5  Form  for  Mammal  Infection 
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APPENDIX  II 


Calculations  for  Mean  Worm  Burdens  and  Their  Use 
in  Computing  Test  Compound  Efficacies 
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Calculations  for  Mean  Worm  Burdens  and  Their  Use 
in  Computing  Test  Compound  Efficacies 


Experiment  I  &. 

Hamsters 

Mean  =  76.3 


AG 6 3 90 8  100  X 


76.3 


(Egyptian  strain)  Oral  Route  in 


=  55.3 


■ 


BC78878  100  X 


76.3 


=  59.5 


ZM65703  100  X  76.3  -  37.4  »  51.0 

76.3 


Experiment  II  £.  haematobium  (Egyptian  strain] 
Hamsters 

Mean  =  59.8 

AG 6 3 9 0 8  100  X  59.8  -  0  .18  =  99.7 

59.8 


BC78878  100  X 

ZM65703  100  X 


SQ  Route  in 


Experiment  III  S.  japonicum  (Philippine  strain)  Oral  Route  in 

Mi  ce 


• 

Mean  =  28.2 

AG  6  3  9  0  8 

100.0 

BC78878  100 

X  21 

. 2  -  29.1 

L  =  -3.2 

28.2 

ZM65703  100 

X  21 

Lt2.  - 

l  =  68.1 

28.2 
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Experiment  IV  £.  japonicum  {Philippine  strain)  Oral  Route  in 
Hamsters 

Mean  =  41.1 

AG 6 3 9 0 8  100  X  41  .1  -  23  .0  =  44.0 

41.1 


BC78878  100  X 

ZM65703  100  X 


fe- 

Experiment  V 

ma 

Mean  126. 

2 

$ 

AG  6  3  9  0  8 

100  X 

*V‘- 

BC78878 

100  X 

| 

P 

ZM65703 

100  X 

l  : 


:  -r 
.V' 


+k' 

K-r. 

'V/*- 

m 

te-: 

E& 

m 


126.2 


126.2 


126.2 


Experiment  VI  £. 

Hamsters 

Mean  =  36.8 


(Nigerian  strain)  Oral  Route  in 


AG  6  3  9  0  8 

100 

X 

35*83^.8I"i 

=  69.8 

BC78878 

100 

X 

36.8 

=  33.7 

2M65703 

100 

X 

2£*S36.81"8' 

=  13.6 

v  . 

p? 

C"'!' 

s\/ 

%"„*«* 
v*  .  * 

L-V' 

•4 

Aiv: 


-78- 


fcJ>  '  -  w  »  J .  . 


Experiment  VII  £. 
Mean  =  49.1 


(Kenyan  strain^  Oral  Route  in  Mice 


AG 6 3 9 0 8  100  X  49.1  -  22.6  =  54.0 

49.1 

BC78878  100  X  49.1  -  45.6  =  5.1 

49.1 

ZM65703  100  X  49.1  - _ 6^2.  =  85.9 

49.1 


V"*. 

£ 


d 


Experiment  Villa  £.  mansoni  (Kenyan  strain)  Oral  Route  in  Mice 
Mean  =  48.4 


BL26758 

100 

X 

48.4 

=  63.2 

BL23962 

100 

X 

48.4  -  36.7 

=  24.2 

48.4 

BL2  3  953 

100 

X 

48  .4  -  29  .9 

=  38.2 

48.4 

BL23695 

100 

X 

_ 1jl2 

=  96.5 

48.4 


Experiment  VUIb  £.  mansoni  (Kenyan  strain)  Oral  Route  in  Mice 
Mean  =  43.4 

BL26758  100  X  43 .4  -  37.7  =  13.1 

43.4 

BL23702  100  X  43 .4  -  0 .2  =  99.5 

43.4 

BL23677  100  X  43.4-  2.2  =  94.9 

43.4 

BL23686  100  X  43.4-  8.3  =  80.9 

43.4 
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A 


S  s 


Experiment  X  £.  ffli 
Mi  ce 


(Puerto  Rican  strain)  Oral  Route  in 


Mean  =  70.9 


BL26758  100  X 


70.9 


=  86.6 


BL28592  100  X 


70.9 


=  11.0 


BE19575  100  X 


BL26749  100  X 


70.9 


70.9 


=  27.5 


=  51.6 


Experiment  XI  £.  jni 
Mice 


(Puerto  Rican  strain)  Oral  Route  in 


Mean  =  62.5 


BL26758  100  X 


62.5 


=  92.0 


BL28494  100  X 


BK21070  100  X 


BL23510  100  X 


62.5 


62.5 


62.5 


=  15.8 


=  81.8 


=  91.0 


Experiment  XII  £. 
Mean  =  63,1 


i  (Kenyan  strain)  Oral  Route  in  Mice 


BL26758  100  X 


•=  21.5 


63.1 


BL28510  100  X  63  .1  - _ 8^.1  =  87.2 

63.1 

BL28501  100  X  63.1  -  36.8  =  41.7 

63.1 


BL28485  100  X 


=  2.8 


63.1 


PK21070  100  X  63.1  -  31.7  •--=  49.8 

63.1 
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Experiment  XIII  £.  mansoni  (Kenyan  strain)  Oral  Route  in  Mice 
Mean  =  58.2 


BL26758  100  X 


=  29.0 


58.2 


BL28494  100  X  58.2  -  60.3  =  -3.6 

58.2 


BL28592  100  X 

BE19575  100  X 


BL26749  100  X 


Experiment  XIV  £.  mansoni  (Kenyan  strain)  Oral  Route  in  Mice 
Mean  =  126.9 

BL26758  100  X  126.9  -  91.7  =  27.7 

126.9 

BL26776  100  X  126.9  -  112.9  =  11.0 

126.9 

BL35319  100  X  126.9  -  99.9  =  21.3 

126.9 

BL26785  100  X  126.9  -  118.7  =  6.5 

126.9 
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Appendix  III 
Protocol s 

Sections  I,  II  and  III 


Appendix  III  includes  Photographs  1-3  and  Tables  1 


Protocol  WRHN-IIIMa 
Topical  Antipenetrant  Primate  Study 


BACKGROUND 

The  topical  anti  penetrant  compound  which  is  being  evaluated 
in  this  protocol  was  previously  evaluated  in  mice,  hamsters  and 
rhesus  monkeys  and  provided  virtually  100%  protection  against 
skin  invasion  by  the  cercariae  of  .£.  mansoni .  £.  japoncium  and 
haematobium.  As  a  result  of  the  excellent  results  obtained 
previously,  final  formulation  was  prepared  for  possible  studies 
in  human  volunteers.  Before  this  phase  of  study  can  be 
initiated,  the  efficacy  of  the  formulation  must  be  tested  in 
mice,  hamsters  and  monkeys.  This  protocol  covers  the  final 
evaluation  of  the  folumations  in  Cebus  apella  monkeys. 

MATERIALS  AND  METHODS 


The  topical  anti  penetrant  formulation  (BL44970)  and  the 
placebo  (BL44989)  were  prepared  by  Mixes  Laboratory  through  an 
agreement  with  the  Department  of  Medicinal  Chemistry,  Division  of 
Experimental  Therapeutics,  Walter  Reed  Army  Institute  of 
Research.  Both  the  test  compound  and  the  placebo  were  prepared 
in  the  same  vehicle. 


Cebus  apella  were  obtained  from  Worldwide  Primater,  Inc., 
Miami,  Florida.  Monkeys  were  kept  under  quarantine  for  45  days 
at  Worldwide  Inc.  facilities  prior  to  shipment  to  Lowell.  Upon 
arrival  at  Lowell  University  they  were  immediately  placed  in 
quarantine  for  45  days  during  which  time  they  were  tested  for 
tuberculosis  by  the  skin  test  method  and  examined  for  helminthic 
infections.  Both  males  and  females  weighing  between  2.5  -  4.5  kg 
were  used, 
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Animals  were  housed  individually  in  standard  regulation 
cages,  fed  monkey  chow  and  water  libitum.  All  animals  are 
kept  in  a  temperature/humidity  controlled  animal  quarters  in  a  12 
hr.  light/dark  cycle. 

AgimaL.  Cars  • 

Monkeys  are  maintained  as  outlined  by  the  "Guide  for  the  Care 
and  Use  of  Laboratory  Animals"  (1986). 

All  animals  were  anesthetized  with  intramuscular  injections 
of  a  mixture  of  ketamine  hydrochloride  to  temporarily  immobilize 
them  during  treatment  applications,  washing,  and  exposure  to 
parasites.  No  painful  or  stressful  treatments  occurred. 

Monkeys  will  be  sacrificed  at  the  termination  cf  the  study  by 
giving  an  overdose  of  the  anesthetic  and  exsanguination. 

METHODS 

Animals  were  treated,  washed,  exposed  and  examined  according 
to  the  study  design  outlined  in  Table  1. 

dj:  u  g  . Appli  c qd  . 

Animals  were  anesthetized  as  described  and  animal  clippers 
were  used  to  clip  the  coarse  hair  from  the  entire  right  arm  of 
each  animal.  The  drug  solution  was  applied  to  the  clipped  arms 
of  the  experimental  animals  using  a  4  X  4"  gauze  pad  (clamped  by 
and  wrapped  around  a  hemostat).  The  entire  arm  was  treated  by 
wiping  it  from  the  shoulder  and  down  the  arm  to  include  the 
hands.  Vehicle  control  animals  were  treated  in  the  same  manner 
with  the  placebo. 

Note:  20  ml  aliquots  of  the  drug  solution  and  placebo  were 

alotted  per  animal.  The  total  volume  was  not  used  for  each 
animal.  The  amount  used  for  each  animal  was  that  volume  required 
to  cover  the  shaved  area  of  the  right  arm. 
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For  all  experimental  animals,  including  the  placebos, 
topically  treated  areas  were  washed  10  min  post-tr eatment  to 
remove  excess  compound  which  had  not  been  topically  absorbed. 

Each  treated  arm  was  placed  in  a  152  mm  X  450  mm  pipet  washer  and 
washed  with  filtered  water  at  one  cycle  per  minute  for  30  minutes 
(one  cycle  is  defined  as  the  action  of  the  water  filling  from  the 
level  of  the  finger  tips  to  the  shoulder  and  draining  from  the 
shoulder  to  the  finger  tips. 

Exposure. 

An  oxamniquine-resistant  strain  of  mansoni  known  as  MAP 
which  was  obtained  from  Brazil  in  January,  1986  was  used  for  all 
schistosome  infections.  This  strain  is  maintained  in  laboratory 
bred  B iomphalaria  glabrata  (BH-  Belo  Horizonte,  State  of  Minas 
Gerais,  Brazil)  and  outbred  CD^  albino  male  mice.  Cercariae  were 
shed  from  infected  a.  glabrata  en  masse  as  follows: 

1.  The  evening  prior  to  the  days  of  exposure,  the  trays 
containing  the  infected  snails  were  covered  with  a  black  cloth  to 
simulate  a  dark  period. 

2.  Infected  iJ.  glabrata  were  stressed  by  drying  them  on 
paper  towels  and  exposing  them  to  fluorescent  light  for  a  1/2  hr. 

3.  Filtered,  aerated  water  was  then  added  to  the  beaker 
containing  the  infected  snails  to  just  cover  the  snails. 

4.  The  beaker  was  observed  for  shedding. 

5.  The  first  addition  of  water  was  the  discarded  to  remove 
dirt,  fecal  matter,  etc.  and  a  second  addition  of  water  was  made 
to  collect  the  cercariae. 

6.  The  solution  containing  cercariae  was  poured  into  a  perti 
dish  and  used  for  the  infection  of  experimental  animals. 

7.  The  cercariae  were  counted  by  drawing  them  from  the 
solution  with  a  micro-pipet  as  observed  through  a  dissecting 
microscope. 

Note:  When  necessary,  the  cercarial  solution  was  diluted 
with  filtered,  aerated  water  to  facilitate  ease  in  counting  the 
correct  number  of  cercariae. 
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The  Cebus  apella  monkeys  were  exposed  tc  a  dose  of  400 
cercariae  each  for  45  min.  Ten  CD^  swiss  albino  male  mice  were 
exposed  to  100  cercariae  each  by  the  tail  immersion  method  for  45 
min  in  order  to  determine  the  viability  of  the  cercariae.  Five 
mice  were  exposed  prior  to  the  exposure  of  the  experimental 
animals.  The  remaining  five  mice  were  exposed  following  the 
exposure  of  the  experimental  animals. 

The  monkeys  were  anesthetized  as  previously  described  for 
drug  treatment.  The  treated  arms  of  the  monkeys  were  immersed 
into  a  1.4  liter  Rubbermaid  refrigerator  door  pitcher  as  shown  in 
photographs  1-3.  The  water  level  in  the  containers  was  such 
that  it  was  below  the  upper  most  washed  area  of  the  forearm.  The 
monkeys  were  exposed  for  45  min  and  the  arms  were  then  drawn  from 
the  container  and  allowed  to  air  dry.  100  ml  aliquots  of 
formalin  were  added  to  the  infection  solution.  The  contents  of 
the  containers  were  concentrated  by  pouring  the  infection 
solution  through  a  20  u  sieve  (3"  in  diameter).  The  recovered 
cercariae  were  washed  off  the  sieve  with  filtered  water  into  a 
petri  dish.  The  cercariae  were  then  stained  with  4%  Lugol's 
iodine  for  counting. 

All  equipment  which  may  have  been  contaminated  with  cercariae 
was  disinfected  with  bleach  (5.25%  sodium  hypochlorite).  All 
personnel  required  to  handle  cercariae  were  protected  from 
accidental  infection  by  disposable  protective  garments, 
disposable  surgical  gloves  and  full  face  visors.  Bleach  (5.25% 
sodium  hypochlorite)  and  95%  ethanol  were  available  at  all  times 
during  the  infection  to  decontaminate  any  acci  dental  spills  or 
equipment  or  personnel  respectively. 


Prior  to  the  beginning  of  experimentation,  ail  monkeys  were 
screened  for  parasites.  Fecal  samples  were  examined  using  the 
AMS-3  concentration  technique. 

-  86- 


Photograph  3 


Exposure  of  Cebus  apella  monkeys  to  schistosome  infection.  N 
the  hand  extended  on  third  monkey  on  the  right.  Protective 
clothing  worn  during  entire  procedure. 


Beginning  on  day  28  post-exposure  and  continuing  twice  per 
week  until  the  termination  of  the  study,  fecal  samples  from  each 
animal  will  be  examined  for  schistosome  eggs  using  the  AMS-3 
concentration  technique. 

All  animals  will  be  sacrificed  and  examined  49-54  days 
post-exposure  to  S-  mansoni .  Any  schistosome  (mature  and/or 
stunted)  parasites  present  will  be  recovered  from  each  animal  by 
the  Perf-O-Suction  technique,  counted  and  the  efficacy  of  the 
drug  computed. 


Table  1 

Experimental  Design  for  the  Schistosoma  mansoni  Anti  penetrant 
Study  (BL44970  in  Cebus  apella  monkeys 


Group 

No. 

Days  Treated 

Pr  e-Inf  ection 

Treatment 

Type 

No.  of 
Animals 

I 

7 

1%  BL44970 

4 

II 

7 

Placebo 

2 

III 

3 

1%  BL44970 

4 

IV 

3 

Placebo 

2 

V 

1 

1%  BL44970 

4 

VI 

1 

Placebo 

2 

VII 

Total  number 

0 

of  animals  =  23 

Infection  Control 

5 

Table  2 


Result  of  Examination  of  Exposure  Containers  for  Cercaraie 

After  Exposure  of  Monkeys 


# 

Cercarial  %  of  Cercarial  %  of  Intact 

Count  in  Exp.  Containers  Cercariae 

Group 

1 

190 

48 

6 

2 

274 

69 

75 

7A 

3 

132 

33 

39 

4 

100 

25 

58 

5 

180 

45 

76 

7  B 

6 

140 

35 

81 

7 

215 

54 

20 

8 

186 

47 

61 

3A 

9 

66 

17 

73 

11 

266 

67 

63 

12 

231 

58 

73 

3B 

14 

105 

26 

94 

15 

241 

60 

27 

19 

3  03 

76 

75 

1A 

20 

192 

48 

92 

21 

367 

92 

72 

22 

336 

84 

42 

IB 

23 

83 

21 

89 

24 

102 

26 

54 

Infection 

25 

96 

24 

80 

Contr ol-A 

30 

117 

29 

84 

Infection 

31 

81 

20 

73 

Control 

32 

113 

28 

72 

B 

Note 

1:  All 

"A"  groups  were  exposed 

on  7/16/87;  all 

"B"  groups 

wer 

e  exposed  on  7/17/87. 

Note 

2 :  On 

7/16/87  the  monkeys  were 

exposed  in  the  following 

order:  1,  24,  3  ,  7,  9,  15,  2,  8,  19,  20,  25. 

On  7/17/87  the  monkeys  were  exposed  in  the  following 
order:  30,  4,  11,  14,  21,  23,  31,  5,  6,  12,  22,  32. 


Note  3 : 


All  monkeys  were  exposed  to  400  cercaraie  each. 
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Table  3 


Results  for  Mice  Exposed  on  7/16/87  and  7/17/87 


Cercarial  Count  for 
Those  Exposed  7/16/87 


Cercarial  Count  for 
Those  Exposed  7/17/87 


Note  1:  Animals  1-5  were  exposed  prior  to  exposure  of  the  first 
monkey;  animals  6-10  were  exposed  after  exposure  of  the 
last  monkey. 
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SECTION  II 
Protocol  WRHN-IIIMb 

Potential  Oral  Prophylactic  Study  in  Monkeys 


BACKGROUND 

Compound  BL23702  (WR24  9313)  was  found  to  be  highly  active  as 
an  oral  prophylactic  compound  against  Schistosoma  mansoni  in 
infected  mice.  The  compound  is  now  being  evaluated  in  this 
protocol  as  an  oral  prophylactic  in  Cebus  apella  monkeys. 

MATERIAL  AND  METHODS 


BL23702  (WR249313)  was  obtained  from  the  Department  of 
Medicinal  Chemistry,  Division  of  Experimental  Therapeutics, 


Walter  Reed  Army  Institute  of  Research.  The  vehicle  used  for 
preparation  of  the  compound  was  Tween  80-methyl  cellulose  saline 
(TMCS )  . 


Animals. 

Cebus  apella  were  obtained  from  Worldwide  Primates,  Inc., 
Miami,  Florida.  Monkeys  were  kept  under  quarantine  for  45  days 
at  Worldwide  Primates,  Inc.  facilities  prior  to  shipment  to 
Lowell.  Upon  arrival  at  Lowell  University  they  were  immediately 
placed  in  quarantine  for  45  days  during  which  time  they  were 
tested  for  tuberculosis  by  the  skin  test  method  and  examined  for 
helminthic  infections.  Both  males  and  females  weighing  between 
2.5  -  4.5  kg  were  used. 


Animals  are  housed  individually  in  standard  regulation  cages, 
fed  monkey  chow  and  water  .ad  libitum.  All  animals  are  kept  in 
temperature/humidity  controlled  animal  quarters  on  a  12  hr 
light/dark  cycle. 


Monkeys  will  be  maintained  as  outlined  by  the  Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (1986). 

All  animals  were  anesthetized  with  intr amuscular  injections 
of  a  mixture  of  ketamine  hydrochloride  to  temporarily  immobilize 
them  during  treatment  and  exposure  to  parasites.  No  painful  or 
stressful  treatments  occurred. 

Monkeys  will  be  sacrificed  at  the  termination  of  the  study  by 
giving  an  overdose  of  the  anesthetic  and  exsanguination. 


METHODS 

Animals  were  treated  and  exposed  according  to  the  study 
design  outlined  in  Table  4. 


Monkeys  were  given  the  drug  while  under  slight  anesthesia  via 
a  stomach  tube.  Each  animal  to  be  treated  received  the  drug 
orally  at  a  dosage  of  100  mg/kg  for  5  days.  The  treated  animals 
were  observed  for  signs  of  gross  toxicity  up  to  at  least  4  hours 
po  st-  th er  apy . 


An  o  xamn  iq  ui  ne- r  e  si  s  t  a  nt  strain  of  £ .  mansoni  known  as  MAP 
which  was  obtained  from  Brazil  in  January,  1  986  was  used  for  all 
schistosome  infections.  This  strain  is  maintained  in  laboratory 
bred  B lomphalar la  glabr ata  !BH-  Bel  Horizonte,  Sta'e  of  Minas 
Gerais,  Brazil!  and  out  bred  CDj  albino,  rale  nice.  Cer  cariae  were 
shed  from,  infected  2-  glabr af a  en  masse  as  fellows: 

1.  rhe  evening  prior  to  the  day  of  ex’t>esuro,  the  trays 
cor.*  .i  i  r. :  ;  •  :  the  infected  snail:  were  covered  w  i  *  h  a  black  cloth  to 


lr  .il  atp  a  dark  period. 
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2.  Infected  £.  alabrata  were  stressed  by  drying  than  on 
paper  towels  and  exposing  them  to  fluorescent  light  for  a  1/2  hr. 

3.  Filtered,  aerated  water  was  then  added  to  the  beaker 
containing  the  infected  snails  to  just  cover  the  snails. 

4.  The  beaker  was  observed  for  shedding. 

5.  The  first  addition  of  water  was  the  discarded  to  remove 
dirt,  fecal  matter,  etc.  and  a  second  addition  of  water  was  made 
to  collect  the  cercariae. 

6.  The  solution  containing  cercariae  was  poured  into  a  perti 
dish  and  used  for  the  infection  of  experimental  animals. 

7.  Hie  cercariae  were  counted  by  drawing  them  from  the 
solution  with  a  micro-pipet  as  observed  through  a  dissecting 
microscope. 

Note:  When  necessary,  the  cercarial  solution  was  diluted 
with  filtered,  aerated  water  to  facilitate  ease  in  counting  the 
correct  number  of  cercariae. 

Monkeys  were  anesthetized  with  intramuscular  injections  of 
ketamine,  and  hamsters  which  were  exposed  as  controls  for  the 
cercarial  viability  were  immobilized  by  intraperitoneal 
injections  of  20%  sodium  pentobarbital.  The  abdomens  were  shaved 
using  animal  clippers,  then  prewetted  with  conditioned  water. 
Cercariae  were  counted  by  drawing  them  from  a  pool  using  a 
micro-pipet  as  observed  through  a  dissecting  microscope  and 
transferred  directly  to  the  abdomens  of  the  animals.  In  the  case 
of  the  monkeys,  the  cercariae  were  concentrated  in  a  specific 
area  by  placing  a  handmade  glass  tubing  with  a  flared  base  (1.8 
cm  in  diameter  X  2.5  cm  in  height)  on  the  abdomens  and  expelling 
the  cercariae  into  it).  All  animals  were  exposed  to  cercariae 
for  30  min. 

Examination. 

Prior  to  the  beginning  of  experimentation,  all  monkeys  were 
screened  for  parasites.  Fecal  samples  were  examined  using  the 
AMS-3  concentration  technique. 
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Beginning  on  day  28  post-exposure  and  continuing  twice  per 
week  until  the  termination  of  the  study,  fecal  samples  from  each 
animal  will  be  examined  for  schistosome  eggs  using  the  AMS-3 
concentration  technique. 

All  animals  will  be  sacrificed  and  examined  at  49  -  54  days 
post-exposure  to  £.  mansoni.  Mature  adult  parasites  will  be 
recovered  from  each  animal  by  the  Perf-O-Suction  technique, 
counted  and  the  efficacy  of  the  drug  computed. 

Table  4 

Experimental  Design  for  the  Schistosoma  mansoni  Oral 
Prophylactic  Study  (BL23702)  in  Cebus  apella 

Group  Treatment  Type  No.  of  Animals 

I  Infection  Control  4 

II  Vehicle  Control*  2 

** 

III  Reference  Drug  2 

*  *  * 

IV  Test  Drug  6 

* 

Tween  80-methyl  cellulose  saline  (TMCS) 

BL26758  (niridazole) 

BL23702  (BL36450) 
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SECTION  III 
Protocol  WRHN-I I IMc 
Marmoset  Penetration  Model 

BACKGROUND 


The  marmoset  is  being  used  as  a  model  for  the  purpose  of 
studying  schistosome  penetration  dynamics.  This  species 
apparently  has  a  natural  skin  barrier  to  schistosome  cercariae, 
but  when  cercariae  are  injected  subcutaneously  some  of  the 
injected  cercariae  are  able  to  survive  and  mature  into  adult 
worms.  This  study  was  designed  to  confirm  these  findings  and 
thus  provide  the  foundation  for  further  indepth  studies. 


Marmosets  monkeys  were  obtained  from  Worldwide  Primates, 

Inc.  ,  Miami,  Florida.  Monkeys  were  kept  under  quarantine  for  45 
days  at  Worldwide  Primates,  Inc.  facilities  prior  to  shipment  to 
Lowell.  Upon  arrival  at  Lowell  University  they  were  immediately 
placed  in  quarantine  for  45  days  during  which  time  they  were 
tested  for  tuberculosis  by  the  skin  test  method  and  examined  for 
helminthic  infections.  Both  male  and  female  marmosets  weigh 
about  1.1  kg. 

Animals  are  housed  individually  in  standard  regulation  cages, 
fed  monkey  chow  and  water  .ad  libitum.  All  animals  are  kept  in 
temperature/humidity  controlled  animal  quarters  on  a  12  hr 
light/dark  cycle. 

Animal  Cate . 

Monkeys  will  be  maintained  as  outlined  by  the  Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (1986). 

All  animals  were  anesthetized  with  intramuscular  injections 
of  a  mixture  of  ketamine  hydrochloride  to  temporarily  immobilize 
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them  during  exposure  to  parasites.  No  painful  or  stressful 
treatments  occurred. 


Monkeys  will  be  sacrificed  at  the  termination  of  the  study  by 
giving  an  overdose  of  the  anesthetic  and  exsanguination. 


METHODS 


Animals  were  treated  and  exposed  according  to  the  study 
design  outlined  in  Table  5. 

Exposure. 

An  oxamniquine-resistant  strain  of  £.  mansoni  known  as  MAP 
which  was  obtained  from  Brazil  in  January,  1986  was  used  for  all 
schistosome  infections.  This  strain  is  maintained  in  laboratory 
bred  Biomphalaria  qlabrata  (BH-  Belo  Horizonte,  State  of  Minas 
Gerais,  Brazil)  and  outbred  CD^  albino  male  mice.  Cercariae  were 
shed  from  infected  £.  glabrata  en  masse  as  follows: 

1.  The  evening  prior  to  the  day  of  exposure,  the  trays 
containing  the  infected  snails  were  covered  with  a  black  cloth  to 
simulate  a  dark  period. 

2.  Infected  JJ.  glabrata  were  stressed  by  drying  them  on 
paper  towels  and  exposing  them  to  fluorescent  light  for  1/2  hr. 

3.  Filtered,  aerated  water  was  then  added  to  the  beaker 
containing  the  infected  snails  to  just  cover  the  snails. 

4.  The  beaker  was  observed  for  shedding. 

5.  The  first  addition  of  water  was  then  discarded  to  remove 
dirt,  fecal  matter,  etc.  and  a  second  addition  of  water  was  made 
to  collect  the  cercariae. 

6.  The  solution  containing  cercariae  was  poured  into  a  perti 
dish  and  used  for  the  infection  of  experimental  animals. 

7.  The  cercariae  were  counted  by  drawing  them  from  the 
solution  with  a  micro-pipet  as  observed  through  a  dissecting 
microscope. 

Note:  When  necessary,  the  cercarial  solution  was  diluted 
with  filtered,  aerated  water  to  facilitate  ease  in  counting  the 
correct  number  of  cercariae. 


Monkeys  were  anesthetized  with  intramuscular  injections  of 
ketamine  (10  mg/kg  of  body  weight).  Mice  infectivity  controls 
were  anesthetized  with  intr aperitoneal  injections  of  20%  sodium 
pentobarbital  (1  cc/100  gm  of  body  weight).  Ihe  abdomens  of 
monkeys  and  mice  were  shaved  using  animal  clippers,  then 
prewetted  with  conditioned  water.  Cercariae  were  counted  by 
drawing  them  from  a  pool  using  a  micro-pi  pet  as  observed  through 
a  dissecting  microscope  and  transferred  directly  to  the  abdomens 
of  the  mice,  and  to  a  1  cc  syringe  for  the  monkeys.  Metal  rings 
(2  cm  in  diameter,  1  cm  in  height)  were  placed  on  the  abdomens  of 
the  monkeys.  The  cercariae  were  then  expelled  from  the  syringe 
into  the  metal  ring.  All  animals  were  exposed  to  cercariae  for 
30  min. 

Examination. 

Monkeys  were  paired  for  sex  and  weight  for  matched-pair 
analysis.  Four  monkeys  were  infected  subcutaneously  and  4 
percutaneously  with  150  mansoni  cercariae  each.  Animals  will 
be  check  for  patency  by  stool  concentration  method  starting  at  6 
wks  post-infection.  This  is  being  done  on  a  daily  basis  until 
patency  occurs. 

After  patency,  a  weekly  quantitative  stool  egg  count  for  each 
monkey  will  be  performed.  At  approximately  8  weeks  after 
exposure  4  monkeys  will  be  sacrificed  (two  from  each  group,  Table 
5)  . 


At  necropsy,  portal  pressure  will  be  measured  and 
microspheres  will  be  injected  in  the  portal  vein.  Then  animals 
will  be  perfused  by  the  Perf-O-Suction  technique.  Major  organs 
will  be  taken  and  digested  with  KOH  to  obtain  egg  counts  for 
organ  egg  load  analysis.  Worms  will  be  counted,  their  sex  and 
condition  noted  as  well  as  gross  pathology  of  the  orgrans. 
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The  remaining  4  monkeys  will  be  maintained  for  another  4 
months  after  which  they  will  be  sacrificed  and  the  same  procedure 
as  described  above  will  be  performed. 


Table 

Experimental  Design  for 

5 

Marmoset  Experiment 

Group  No. 

Method  of  Exposure 

No.  of 

Monkeys  Necropsy* 

1 

Subcutaneously 

4 

56  days 

2 

Percutaneously 

4 

120  days 

TVo  monkeys  from  each  group  will  be  necropsied  at  56  days  and 
two  from  each  group  at  120  days  post-exposure. 
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Forms 

The  data  collected  will  be  entered  on  the  Walter  Reed  Army 
Institute  of  Research  Anti-Schistosomiasis  Drug  Screen  data  forms 
which  have  been  received  along  with  a  description  of  the  codes  to 
be  used.  The  information  will  be  entered  onto  a  data  disk  and 
transmitted  to  WRAIR  using  a  modem  and  the  KERMIT  program.  If 
transmission  cannot  be  completed,  a  copy  of  the  data  disk  along 
with  a  copy  of  the  data  forms  will  be  sent  to  the  COTAR  at  WRAIR: 


CPT.  Robert  E.  Miller 
ATTN:  SGRD-WUM-B 

Division  of  Experimental  Therapeutics 
WRAIR 

Washington,  DC  20307-5011 
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REPORT  DISTRIBUTION  LIST 
12  Copies:  Commander 

US  Army  Medical  Materiel  Development  Activity 
ATTN:  SGRD-UMB/MAJ  Lightner 

Fort  Detrick 

Frederick,  MD  21701-5009 


1  Copy:  Commander 

US  Army  Medical  Research  and  Development  Command 
ATTN:  SGRD-RMI-S 

Fort  De trick 

Frederick,  MD  21701-5012 


1  Copy:  Dean,  School  of  Medicine 

Uniformed  Services  University  of  the  Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda ,  MD  20814-4799 


12  Copies:  Administrator 

Defense  Technical  Information  Center 

DTIC-DDAC 

Cameron  Station 

Alexandria,  VA  22304-6145 
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